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ABSTRACT

This study evaluates the compatibility of the liner materials with the
leachate generated by the waste disposed in the INEEL CERCLA Disposal
Facility. The liner system is composed of both natural and synthetic materials
including compacted clay, geosynthetic clay liner, high-density polyethylene, and
polypropylene products. This study will determine whether these materials are
compatible with the leachate, based on experience at similar landfills and
published literature.
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Liner/Leachate Compatibility Study
1. INTRODUCTION

1.1 Purpose

The purpose of this study is to demonstrate that the liner materials proposed for the INEEL
CERCLA Disposal Facility (ICDF) landfill and evaporation pond are chemically compatible with the
leachate. Certain materials deteriorate over time when exposed to chemicals that may be contained in
hazardous leachate. It is important to anticipate the type and quality of the leachate that the landfill will
generate and select compatible liner materials. Data collected from other similar low-level radioactive
mixed waste and hazardous waste sites was used to determine the allowable concentration of leachate
constituents that could be in contact with the ICDF landfill and evaporation pond liner components.

1.2 ICDF Liner System

The ICDF landfill and evaporation pond liners are a double composite system compliant with the
substantive requirements of the Resource Conservation and Recovery Act (RCRA) Subtitle C and the
Toxic Substances Control Act (TSCA) polychlorinated biphenyl (PCB) landfill and surface impoundment
design, consisting of leachate collection/detection systems, a 3-ft-thick soil bentonite liner (SBL) (landfill
only), and flexible membrane liners. The specific liner materials are listed below:

. High-density polyethylene (HDPE) geomembranes

. Geosynthetic clay liner (GCL) consisting of a thin layer of bentonite sandwiched between two
synthetic geotextiles

. Geocomposite consisting of a HDPE geonet and geotextile
. Compacted clay soil with a bentonite admix (soil bentonite layer [SBL]) to decrease permeability.
The evaporation pond liner also includes an additional sacrificial geomembrane for UV protection.

In general, the liner system consists of two types of materials. The geomembranes, geotextiles, and
geonets are manufactured from polymeric materials made from synthetic polymers. HDPE products have
a high crystallinity that increases the chemical resistance of the polymer. The second type of material is
soil comprised mainly of clay-sized particles, also crystalline in nature. As part of this study, no
information was found with respect to the degradation of the geotextile materials. It was determined that
even if the geotextile materials used in the liner system degraded, that it would not negatively impact the
containment qualities of the landfill. Therefore, the degradation of geotextile was not considered as part
of this study.

1.3 Mechanisms of Liner System Deterioration

Specific mechanisms of deterioration of the liner system components that might be encountered
based on the waste inventory are chemical, radioactive, and oxidation degradation. Degradation involves
a change in the physical properties of the liner material that could increase the permeability of the
material or reduce the material’s strength or ductility.
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Polymeric chain scission or bond breaking within the polymer structure of HDPE results in
degradation. Chemical degradation for HDPE products is a concern for leachates containing high
concentrations of organic solvents or other highly reactive chemicals. High radiation doses also have the
potential to cause chain scission in polymers. Oxidation occurs when free radicals and oxygen are present
and results in chain scission. Oxidation processes are slowed considerably in liquid environments and
antioxidant formulations are added to most HDPE products (Koerner 1998). Oxidation is also
significantly reduced when the liner system is buried. As discussed herein, these processes are not
expected to occur based on the ICDF leachate quality.

HDPE geomembranes can deteriorate from contact with certain leachates, resulting in a decrease of
elongation at failure, an increase in modulus of elasticity, a decrease in the stress at failure, and a loss of
ductility. Similarly, the permeability of a SBL and GCL can increase or decrease due to certain
constituents in the leachate. This study is intended to establish individual leachate constituent
concentration limits that will not adversely impact the liner system components. A summary of the
properties for the HDPE, SBL, and GCL liner materials and the effects that could result from exposure to
an aggressive leachate are summarized in Table 1. Notably, aggressive leachate in the ICDF landfill or
waste liquid in the evaporation pond are not anticipated during their service life.

Table 1. Potential effects of aggressive leachate on liner materials.

Liner Material Property Typical Value Possible Effect of Leachate
60 mil Textured Thickness > 60 mils Decrease
HDPE Melt Index < 1.0 g/10 min Increase or Decrease
Strength at yield > 120 1b/in. Increase or Decrease
Strength at break > 75 1b/in. Increase or Decrease
Elongation at yield > 12% Increase or Decrease
Elongation at break > 100% Increase or Decrease
Tear Resistance >42 1b Increase or Decrease
Puncture Resistance >80 1b Increase or Decrease
Environmental > 200 hours Increase or Decrease
Stress Crack

SBL Permeability <107 cm/sec Increase or Decrease

GCL Permeability <107 cm/sec Increase or Decrease

Sodium bentonite is the primary clay mineral in SBLs and GCLs that results in a low permeability
and high swell potential. Exposure of sodium bentonite to liquids containing concentrated salts (such as
brines), or divalent cation concentrations (such as Ca++ and Mg++), reduces the swelling potential and
increases its permeability. Concentrated organic solutions (such as hydrocarbons) and strong acids and
bases can break down the soil, which also increases permeability. The physical mechanism that causes
these changes is a reduction of the thickness or absorption capacity of the diffuse double layer of water
molecules surrounding the clay minerals. This results in an effective decrease in the volume of the clay
since the water molecules are not attracted to the clay particles.

1.4 ICDF Leachate Concentrations

Soluble contaminants leached from the waste will come in contact with the landfill and evaporation
pond bottom liner system during the operation period (15 years) and minimum post closure period
(30 years). The natural soil bentonite liner system may be in contact with soluble contaminants as long as
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contaminants are present in the landfill. The synthetic liner system components may be in contact with
soluble contaminants until they naturally degrade or become ineffective. Leachate is generated from water
added to the waste for dust control and compaction purposes. Natural precipitation events also contribute
to leachate production. In reality, as the landfill nears the end of its operational life, concentrations of
contaminants will decrease with time as the leachable waste mass is reduced. During the post-closure
period, a robust landfill cover will significantly reduce infiltration, and the corresponding volume of
leachate.

An inventory of constituents and associated site-specific concentrations anticipated in the waste are
published in the INEEL CERCLA Disposal Facility Design Inventory (EDF-ER-264). The expected
chemical make-up of the leachate was determined based on modeling described in the
leachate/contaminant reduction time study (EDF-ER-274).

Two hydrogeologic models were used to simulate leachate generation during the operational period
(15 years) and post-closure period (30 years) of the ICDF landfill and evaporation pond. The post-closure
period includes the waste-filled landfill having a cover to reduce infiltration and the generation of
leachate. The models applied partitioning coefficients to the waste design inventory mass to determine a
liquid concentration for each constituent, and resulting leachate concentration.

In addition to the hydrogeologic models, a geochemical evaluation was performed for the
operational period to evaluate natural geochemical reactions that could potentially generate constituents
harmful to the liner system materials in the landfill or evaporation pond other than by the soluble waste
constituents alone. It also was used to determine the general composition of the leachate including pH.
The geochemical evaluation consisted of determining the chemistry make-up of the leachate based on the
constituents in the waste soil and the geochemical reactions between the atmospheric gases (i.e., O,, CO,,
etc.), infiltrating water, and natural occurring minerals in the soil.

The maximum and average leachate concentrations determined from the operational 15-year and
post-closure 30-year hydrogeologic models were compared to determine the worst-case leachate
concentrations due to the contaminants in the waste soil. Based on the comparison, the highest
concentration of contaminates would occur during the operational period since contaminant transport
tends to be dominated by drainage and diffusion, driven by the infiltration rate, which is expected to be
small once the landfill is covered (EDF-ER-279).

Based on the geochemistry evaluation, the modeled leachate composition will be a brackish water
with a pH of 8.0 (EDF-ER-274). Some of the constituents in the leachate had higher concentrations than
determined by the hydrogeologic model due to the added effects of geochemical reactions. These mainly
included sodium and sulfate having concentrations of approximately 8,000 and 20,000 mg/L,
respectively. Brackish solutions containing high-concentration divalent cation concentrations such as
calcium and magnesium can increase the permeability of the SBL and GCL liner materials as discussed in
Section 1.3. The predicted divalent cation (calcium, magnesium, manganese, and barium) total
concentration is approximately 400 mg/L. Higher concentrations are predicted from the 15-year
hydrogeologic model of approximately 4,000 mg/L due to more conservative assumptions than the
geochemical model. In either case, the divalent cation concentration is less than the maximum allowable
concentration of 35,000 mg/L for the SBL and GCL described in Section 3.

Based on the 15-year hydrogeologic model, the maximum leachate concentration occurs during the
first year of operation. The maximum and average concentrations for organics, inorganics, and
radionuclides are provided in Table 2. These concentrations are considered conservative since they were
determined assuming that the entire landfill is filled with waste instantaneously and has a constant
moisture content of 6% by dry weight for all 15 years of operation.
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Table 2. Maximum and average concentrations of leachate constituents by chemical category.

Chemical Category Maximum Concentration Average Concentration
Organics 70 mg/L 10 mg/L
Inorganics 18,400 mg/L 17,100 mg/L
Radionuclides 1 mg/L (0.00002 Ci/l) 1 mg/L (0.00001 Ci/l)

The resulting constituents determined from the leachate/contaminant reduction time study are
provided in Appendix A. The organic constituents and expected concentrations are provided in Table A-1.
The inorganic constituents and expected concentrations are provided in Table A-2. The expected
radionuclides and activity concentrations are provided in Table A-3.

1.5 Absorbed Dose In Geomembrane

Studies performed on polymer materials like HDPE show that their properties begin to change after
absorbing ionizing radiation between 1,000,000 to 10,000,000 rads (Koerner et al. 1990). The HDPE
geomembrane lining the bottom of the landfill and evaporation pond will absorb ionizing radiation energy
from the leachate generated in the landfill and combination of leachate and other waste liquids in the
evaporation pond. Energy will be absorbed during the operational life of the landfill and evaporation pond
as long as there are liquids with ionizing radionuclides in contact with the geomembranes.

The absorbed dose in the geomembrane was determined by multiplying the dose rate by an
absorption duration. Conservatively, the absorption duration was assumed that the leachate was in contact
continuously with the liner for the entire 15-year landfill operational life. In reality, leachate will be in
contact with the landfill geomembrane intermittently depending on climatological and waste moisture
content conditions. The absorption duration in the evaporation pond will be shortlived, due to evaporation
and dilution from make-up water.

A design absorption rate was calculated for each of the radionuclides listed in Appendix A,
Table A-3. Exceptions included Krypton (Kr-85 and Kr-81), which is a gaseous element, and
radionuclides that are not in the leachate. The design absorption rate is dependent upon the physical
properties of the absorbing material and how the energy from the source is deposited into the material.
The physical properties of the HDPE geomembrane needed to determine the absorption rate are provided
in Table 3.

Table 3. Physical properties of geomembranes.

Parameter Value Units
HDPE density 0.94 g/em’
Geomembrane thickness 1.5 mm
Unit surface area 1 cm’

The amount of energy was based on the depth of leachate on the landfill liner and depth of liquids
in the evaporation pond. The maximum depth of leachate was estimated as 4 cm across the floor of the
landfill, assuming both Cell 1 and Cell 2 are in operation (EDF-ER-269). In the sump area of the landfill,
the maximum leachate head would be approximately 30.5 cm. If the volume of leachate 4 cm deep over
the area of the landfill (Cell 1 and Cell 2) was placed in the evaporation pond, the depth of leachate in the
evaporation pond would be approximately 36 cm. Using these depths, the activity concentration, and the
geomembrane proprieties, the design absorption rate was computed for each radionuclide. The
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computation is provided in Appendix B. The design absorption rates are listed in Table A-4, provided in
Appendix A.

The design absorbed dose to the geomembrane is approximately 0.09 and 0.8 rads per hour, for the
landfill and evaporation pond, respectively. Assuming the leachate concentration and composition
remains constant, the total doses over the 15-year operation life are conservatively estimated to be 12,000
and 100,000 rads for the landfill and evaporation pond, respectively. The total dose for the landfill for
1,000 years is estimated to be 800,000 rads. This assumes that all the energy from the leachate will be
absorbed in the geomembranes. In reality, only small fractions of alpha and beta particles will penetrate
the geomembrane material. Notably, the upper sacrificial geomembrane lining the evaporation ponds will
absorb the majority of the ionizing radiation with little dose to the underlying primary geomembrane.
Based on radiation absorbed dose, the mechanical properties of the HDPE liner are not expected to be
degraded below acceptable levels.

2. EXISTING STUDIES OF LINER/LEACHATE COMPATIBILITY
2.1 EPA Method 9090

In 1992, EPA published Method 9090, ‘Compatibility Tests for Wastes and Membrane Liners,” to
set the standard that liners must meet to be protective of human health and the environment. This test has
been used throughout the industry to demonstrate that liners are compatible with numerous leachate
compositions from municipal and hazardous waste landfills, and surface impoundments. The results of
these studies have been documented and are readily available. The manufacturers of the liners now supply
limitations of the products based on these tests. The results are commonly accepted as reliable and
complete. Since the ICDF leachate contains no unusual or excessive constituents, the industry results for
these liners is sufficient to demonstrate compatibility.

The compatibility of GCL and SBL materials are usually demonstrated by permeating the material
with leachate to determine its permeability. Method 9090 consists of immersing small sample specimens
of a liner material in leachate and periodically measuring changes in the physical properties. The
specimens are removed after 30, 60, 90, and 120 days, then tested to determine changes to the physical
dimensions and mechanical properties. Acceptance criteria for defining compatibility tend to vary.
Compatibility has been defined as geomembrane properties remaining above the minimum suggested
property value or an allowable small percentage of change in properties (e.g., less than 15%) to maintain
the integrity of the liner.

GCL and SBL are tested for compatibility by permeating the material with a leachate solution to
determine effects on the hydraulic performance of the material. Typically, solutions with high
concentrations of contaminants or pure products are allowed to permeate a sample under confining
pressure to determine the saturated permeability of the material using ASTM methods such as ASTM
D5084. A saturated permeability exceeding 1x10” cm/sec would indicate incompatibility.

The HDPE geomembrane and GCL materials planned for the ICDF are considered to be the most
chemically inert liner materials commercially available for waste disposal facilities. Numerous studies
using EPA Method 9090 and permeability tests, among other testing procedures, have been performed for
waste disposal facilities and in the laboratory providing a good understanding of the compatibility
behavior of these liner materials.
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2.2 Published Studies

221 Comparison with Other Geomembrane 9090 Compatibility Studies

Relevant compatibility studies have been performed at DOE’s Hanford facility near Richland,
Washington. These projects include the Liquid Effluent Retention Facility (LERF), W-025 landfill, and
the Grout Facility. Other relevant studies include the Kettleman Hills landfill located in northern
California. The results of these published studies indicate that a HDPE geomembrane will function well
as a liner beneath the landfill waste or liquid waste in the evaporation pond. The published geomembrane
compatibility studies for the Hanford facility are listed in Section 6 Bibliography of this report.

A comparison between the anticipated ICDF landfill leachate and that used in compatibility tests
for other facilities is summarized in Table 4.

Table 4. EPA test method 9090 compatibility studies comparison.

9090P Test
Concentrations or
Radiation Exposure ~ ICDF€ Leachate
that Demonstrated Concentration/
Compatibility Type of Material General Composition of Compatibility in Absorbed
Study? Tested Leachate Each Study Radiation
Hanford LERF 60-mil smooth Organics 16.25 mg/L 70 mg/L
HDPE from four
manufacturers
Hanford W-025 60-mil smooth Inorganics 204,210 mg/L 18,400% mg/L
Landfill HDPE Organic Leachate and 50,000 rads 12,000 rads
Radiation Exposure (landfill)
100,000 rads
(evaporation pond)
pH 9.2 8.0
Hanford Grout 60-mil smooth Inorganics 368,336 mg/L 18,400 mg/L
Facility HDPE
Organic Leachate and 37,000,000 rads
Radiation® Exposure
Organic Leachate and 16,000,000 rads 12,000 rads
Radiationf Exposure (landfill)
100,000 rads
(evaporation pond)
pH >14 8.0
Kettleman Hills 60-mil smooth Organics 93,040 mg/L 70 mg/L
Landfills HDPE Inorganics 250,000 mg/L 18,400 mg/L
pH >12 8.0
Unidentified Textured HDPE Organics 154 mg/L 70 mg/L
Landfill Study

a. Detailed compatibility test information is provided in Evaluation of Liner/Leachate Chemical Compatibility for the Environmental Restoration
Disposal Facility report (USACE 1995).

b. EPA Test Method 9090 “Compatibility Test for Wastes and Membrane Liners” (EPA 1992).
Values reported represent values at which the test was run, showing no unacceptable effects. They do not represent an allowable limit.
Values based on the “Leachate/Contaminate Reduction Time Study” (EDF-ER-274).
e. A slight reduction in strength and elasticity of the HDPE liner occurred at the highest doses used in the testing.

f. No measurable changes in the HDPE liner material properties were observed after the testing.

g. Reported as total inorganics.
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HDPE is chemically resistant to inorganic salt solutions and can be incompatible with some
organic solutions at high concentrations (i.e., pure products). Actual compatibility tests from other
landfills show that HDPE is chemically resistant to much higher concentrations of organics in the leachate
than what is expected in the ICDF leachate. The organic concentration in the Kettlemen Hills Landfill
leachate is almost four orders of magnitude higher than what is expected in the ICDF landfill leachate.
The use of general categories of chemicals rather than individual constituents has been accepted by the
EPA for the Environmental Restoration Disposal Facility at Hanford and provide a worst-case scenario
due to possible synergistic effects of mixed compounds.

The EPA Method 9090 tests performed on HDPE geomembrane liner planned for the Grout
Facility included high temperatures and doses of large amounts of radiation. The leachate solution
temperature was increased to 194°F, which is significantly above the standard test temperatures of 73° and
122°F required in Method 9090. Additionally, the samples were irradiated at doses up to 37,000,000 rads
prior to the testing, significantly decreasing the strength and elasticity (i.e., greater than 25%) of the
geomembrane specimens (USACE 1995). Geomembrane samples tested for the W-025 facility did not
produce measurable changes in the HDPE liner properties when irradiated for 120 days with a total dose
of 50,000 rads. HDPE geomembranes are manufactured with additives to improve ductility and durability
such as carbon black and antioxidants. The literature also indicates that these additives allow higher doses
than standard HDPE material alone (Kircher and Bowman 1964). The literature indicates that thin films
(i.e., 0.002 in.) of different types of HDPE material alone can become brittle when irradiated at doses
between 4,400,000 and 78,000,000 rads. Studies performed using polymer materials show that properties
typically begin to change at a total radiation dose of between 1,000,000 and 10,000,000 rads (Koerner
et al. 1990).

The landfill and evaporation pond HDPE geomembrane liners are expected to receive a dose from
the leachate of 12,000 and 100,000 rads, respectively. This is a conservatively high dose since it assumes
that concentrations of radionuclides are constant in the leachate over the 15-year operational life of the
landfill. Even though conservatively high, the total dose is below the dose found in other studies
(i.e., 1,000,000 rads) that may affect the properties of the geomembrane.

2.2.2 Geosynthetic Clay and Soil Bentonite Liners

Based on review of the published studies listed in Section 6 (Bibliography), SBL and GCL perform
well unless exposed to high concentrations of divalent cations, very acidic or basic solutions, or solutions
with a low dielectric constant (such as gasoline). The leachate expected at the ICDF will have a pH of 8,
slightly above neutral. The studies further demonstrate that, when confined, as is the case in the ICDF
landfill, or pre-hydrated, SBLs and GCLs will perform well when exposed to high divalent cation
concentrations.

Several studies were found that evaluated the impact of SBL permeability with various organic and
inorganic materials. The majority of them used very concentrated compounds, which is not the typical
composition of landfill leachates and when compared with ICDF leachate exceeded concentrations by as
much as an order of magnitude. One study was found that addressed the issue of when leachate
constituent concentrations impact SBL permeability. For this study, four different types of organic
compounds were used as permeants. They included methanol, acetic acid, heptane, and trichloroethylene
(TCE). The results indicate that soil permeability was not affected by methanol until a concentration of
80% by volume was used. The acetic acid actually reduced the soil permeability due to dissolution and
reprecipitation of the soil. Heptane and TCE had no effect on permeability when used up to their
solubility limit in water. However, when used in pure form, they increased the soil permeability
significantly (250 to 1,000 times). In addition to the concentration of the permeant used, changes in
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hydraulic permeability are also governed by the mineralogy of the soil (Borders 1986). Although only low
concentrations of TCE are predicted in the ICDF leachate, the study demonstrates that high
concentrations of organic constituents are required to affect permeability.

No studies were identified that considered the long-term effects of radiation on the physical
properties of the SBL or GCL materials. Since long-term studies cannot be conducted, conservative
radiation limitations have been employed. Low-permeability soils have been used at multiple DOE
facilities containing radioactive waste. The only potential adverse reaction that could occur with the SBL
or GCL would be high heat that could dry out these materials, however, it is anticipated that the
radioactive material placed in the I[CDF will not generate any thermal gradients across the liner system.

The concentration of organic material is expected to be approximately 70 mg/L. This is
significantly below the concentration of a highly concentrated solution so it will not increase the
permeability of the SBL and GCL. The amount of radioactivity will be low in the ICDF landfill waste and
will not generate a significant amount of heat that can desiccate the compacted clay. Additionally, the
operations layer will provide a 3-ft buffer between the liner system and waste.

2.3 Manufacturers’ Data
2.3.1 HDPE Geomembrane

The manufacturers of the geosynthetic products proposed for the ICDF landfill have published
maximum allowable concentrations of various chemical compounds that can contact the HDPE
geomembrane without adversely affecting its performance. The most recent recommended maximum
concentrations of chemicals were obtained from the manufacturer. A list of the manufacturers’ maximum
allowable concentrations for specific leachate constituents on HDPE material is provided in Appendix C.
In addition, the effects of radiation exposure with respect to the geomembrane physical properties are also
presented.

2.3.2 Geosynthetic Clay and SBLs

The GCL underlying the geomembrane in the ICDF landfill and evaporation pond liner consists of
processed sodium bentonite clay sandwiched between two geotextile fabrics. The SBL underlying the
geosynthetic liners also consists of 5% by weight of processed bentonite amendment. Sodium bentonite is
an ore comprised mainly of the montmorillonite clay mineral with broad, flat, negatively charged platelets
that attract water hydrating the bentonite. The swelling provides the ability to seal around penetrations,
giving the GCL its self-healing properties. A GCL product with Volclay® type sodium bentonite
manufactured by CETCO will be installed in the landfill and evaporation pond.

The GCL manufacturer allows the use of GCL with few restrictions on maximum chemical
concentrations. The manufacturer does recommend that treated bentonite should be used when directly
exposed to liquids with high concentration of salts (divalent cations) such as in seawater (CETCO 2001).
The concentration of salts in typical seawater is on the order of 35,000 mg/L (USGS 1989). The ICDF
total inorganic leachate concentration is on the order of 17,000 mg/L, approximately 2 times lower than
that of seawater. The same compatibility limitation is found in the literature as described in Section 2.1.2.
The bentonite added to the soil for the bentonite liner will have the same limitation, however, to a lesser
extend since only a small percentage (i.e., 5%) is comprised of bentonite. Based on this assessment, the
exposed salts in the brackish leachate will be compatible with the GCL and SBL underlying the
geomembrane. Notably, this assumes that the overlying HDPE geomembranes must leak before leachate
can come in contact with the GCL or SBL.
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3. WASTE ACCEPTANCE CRITERIA
3.1 Landfill

Individual constituents in the ICDF landfill design inventory were evaluated to determine
maximum allowable ICDF landfill waste concentrations, that if placed in the landfill would generate
leachate compatible with the liner system. Many of the individual design inventory constituents have not
been included in the composition of leachate used for published compatibility studies. However, the
constituents used in the published studies are in similar chemical groups as the constituents in the ICDF
design inventory and therefore, would react similarly with the liner materials. Moreover, the use of
general chemical categories rather than individual constituents provide a worst-case scenario due to
possible synergistic effects of mixed compounds.

Table 5 provides the recommended maximum concentration of chemical categories that, if in the
landfill leachate, may be incompatible with the polymeric or earthen material comprised of the ICDF
landfill and evaporation pond liner systems. These limits are based on review of the published liner
compatibility studies and manufacturers’ recommendations. The maximum allowable concentration for
HDPE geomembrane, GCL, and SBL were compared to determine the highest acceptable value. The
lowest of all three values was selected as the suggested maximum concentration. The concentrations
based on the design inventory of waste constituents are also provided in Table 5. Where available, the
recommended maximum allowable concentration with regard to liner compatibility for individual
constituents is provided in Tables D-1, D-2, and D-3 in Appendix D for specific organic, inorganic, and
radionuclide constituents, respectively.

Table 5. Maximum allowable concentrations in leachate by chemical category.

Suggested
Compatible Compatible ICDF Maximum Design Inventory
Concentration Concentration for Concentration Concentration Dose
Chemical Category for HDPE GCL and Clay or Value or Value
Organics 500,000° mg/L 500,000° mg/L 500,000 mg/L 70 mg/L
Acids and Bases 750,000° mg/L 500,000° mg/L 500,000 mg/L od mg/L
Inorganic 500,000" mg/L 500,000° mg/L 500,000 mg/L 17,100 mg/L
Dissolved Salts No Limit 35,000 mg/L 35,000 mg/L 8,000 mg/L¢
Strong Oxidizers 1,000 mg/L No limit 1,000 mg/L 09 mg/L
Radionuclides 1,000,000° rads No limit 1,000,000 rads 12,000 rads (15 yr)
800,000 rads (1000 yr)

pH 0.5-13.0° 0.5-13.0 0.5-13.0 8.0

a. Based on the manufacturers’ maximum concentration of the list of constituents tested by the manufacturers. The manufacturrs’
recommendations are provided in Appendix C.

b. Based on reported literature values.
c. Based on the maximum sodium concentration determined in the Geochemical Evaluation.
d. Strong acids, bases, or oxidizing compounds were not reported in the design inventory.

The concentration and exposure limits in Table 5 provide Waste Acceptance Criteria (WAC) for
chemical categories. These values can be used as a general guide to determine WAC if individual
constituents in the leachate are lower than the limits provided in Appendix D.
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The maximum allowable activity concentration of individual radionuclides was determined based
on a maximum allowable dose of 1,000,000 rads. The calculated values are provided in Table C-3 in
Appendix C. Based on radiation absorbed dose, the mechanical properties of the HDPE liner are not
expected to be degraded below acceptable levels.

3.2 Evaporation Pond

The evaporation pond liner system will be comprised of HDPE geomembrane and GCL similar to
the landfill liner system underlying a sacrificial geomembrane. The evaporation pond will contain
leachate from the landfill and waste liquids from other CERCLA investigations (i.e., well purge water) or
remediation tasks. Organics and inorganics in the leachate compatible with the landfill liner will also be
compatible with the evaporation pond liner materials since they will be comprised of the same material.
Leachate in the evaporation pond from the landfill will also have less concentration of contaminants than
when originally in the landfill due to added make-up water, and precipitation.

The maximum allowable concentration of an individual radionuclide and WAC design ratios for
the evaporation pond liner is provided in Appendix E. The maximum concentration was developed in the
same manner as the landfill maximum allowable concentration assuming a maximum absorption dose of
1,000,000 rads. The allowable concentrations are less than in the landfill due to a greater depth of liquid
in the evaporation pond resulting in a higher dose rate.

Waste liquids from other sources in the evaporation pond should not exceed the maximum
allowable concentrations of liquids by chemical category in Table 5. The recommended maximum
allowable concentrations with regard to liner compatibility for individual constituents are provided in
Table D-4 of Appendix D.

4. CONCLUSIONS

An extensive literature review was performed to evaluate the compatibility of the ICDF landfill and
evaporation pond liner materials with the expected leachate composition. Compatibility tests performed at
similar sites have shown that HDPE geomembranes can be exposed to high doses of radiation without
damage and are compatible with leachate from hazardous waste landfills. Liner manufacturers have also
performed compatibility tests using numerous organic and inorganic chemicals, usually in a pure solution,
to determine maximum allowable limits. Based on review of literature, the expected leachate
concentrations will have no effect on the performance of the ICDF liner system based on the available
literature.

The maximum recommended concentration of chemical categories was provided to supply the
WAC:s regarding liner compatibility. General chemical categories rather than individual constituents
provide a worst-case scenario due to possible synergistic effects of mixed compounds. However, to
provide numerical WAC, individual constituents in the ICDF design inventory were evaluated to
determine maximum allowable ICDF landfill waste soil concentrations with regard to liner compatibility.
The maximum allowable ICDF landfill waste concentrations are provided in Appendix D.

Samples of 60-mil-thick HDPE geomembrane were irradiated with a total radiation dose of
16,000,000 and 37,000,000 rads for the Hanford Grout facility. The dose rate was 740,000 rads per hour
for a total time of 50 hours. These doses showed decreases in the liner’s break strength and break
elongation due to radiation-induced cross-linking for the polymer chains, decreasing the plasticity of the
liner. At the Hanford project W-025 landfill, the HDPE liner showed only a slight reduction in
mechanical properties including tensile strength and elasticity after it was irradiated to 50,000 rads for
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120 days while submerged in leachate. The literature indicates that the mechanical properties of
polymeric materials begin to change at approximately 1,000,000 rads. The geomembrane can
accommodate a slight reduction in its strength properties without creating defects that result in leaks since
the actual properties are more robust than the design properties (i.¢., thickness). Therefore, a maximum
radiation dose of 1,000,000 rads for the landfill and evaporation pond liner system during their respective
service life is recommended.

The manufacturer for the ICDF geomembrane recommends that leachate have a pH between
0.5 and 13 pH units. Recommended manufacturers’ limits for strong oxidizers are 1,000 to 500,000 mg/L
and metals, salts, and nutrients of 500,000 mg/L. The permeability of the bentonite used in the GCL and
SBL may increase if permeated with leachate having a salt ion concentration. Therefore, a maximum
inorganic salt concentration of 35,000 mg/L is recommended as a conservative upper limit. These limits
are far above the concentrations expected in the leachate from the ICDF landfill and waste liquids in the
evaporation pond. They will be used to determine the maximum allowable concentrations in the waste
soil and liquids that if placed in the ICDF landfill or evaporation would not cause significant degradation
of the liner system.
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Appendix A

Expected Leachate Design Concentrations and
Absorbed Radiation Dose
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Table A-2. Expected peak inorganic concentrations in leachate.

Maximum Leachate Concentration Average Leachate
Constituent” (mg/L) Concentration (mg/L)"
Aluminum 28.3029 28.3022
Antimony 0.1165 0.1164
Arsenic 1.8470 1.8434
Barium 3.5848 3.5843
Beryllium 0.0011 0.0011
Boron 36.4728 36.4292
Cadmium 0.5917 0.5911
Calcium 4035.0217 4030.1943
Chloride 31.1061 28.1653
Chromium 1.3691 1.3689
Cobalt 0.5999 0.5996
Copper 1.4906 1.4902
Cyanide 4.0932 3.8059
Dysprosium 0.2472 0.2472
Fluoride 64.4341 58.3424
Iron 46.5528 46.5516
Lead 0.5753 0.5753
Magnesium 883.9838 882.9262
Manganese 4.1300 4.1295
Mercury 49.7230 48.1710
Molybdenum 1.0117 1.0111
Nickel 0.1964 0.1964
Nitrate 65.4429 59.2558
Nitrate/Nitrite-N 3.6979 3.3483
Nitrite 0.1414 0.1281
Phosphorus 19.2492 19.2261
Potassium 74.8819 74.8518
Selenium 0.2084 0.2080
Silver 0.1092 0.1092
Sodium 2.7716 2.7714
Strontium 1.5094 1.5087
Sulfate 342.1180 309.7736
Sulfide 12641.8391 11446.6606
Terbium 2.3867 2.3866
Thallium 0.0037 0.0037
Vanadium 3.5063 3.5028
Ytterbium 0.8124 0.8123
Zinc 12.9486 12.9437
Zirconium 0.1151 0.1151
Total Inorganic Concentration 18367.1936 17116.2485

a. Constituents based on the design Inventory (2001 EDF-264)
b. Peak and average concentrations during the 15 year active life of the landfill assuming the entire mass is placed in the landfill
(EDF-ER-274)
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Appendix B

Geomembrane Dose Calculations
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Appendix B-1

Geomembrane Dose in the Landfill
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431.02
01/30/2003
Rev. 11

ENGINEERING DESIGN FILE

MONTGOMERY WATSON HARZA

Description: Radiation dosage to ICDF liner resulting from leachate exposure
Project #: 2470178

Prepared by: J. Thompson

Date: 10/6/01 VARIABLES

EDF-ER-278
Revision 2

Page 43 of 129

Checked by: B. Adams/J. Pellicer Liner Thickness = 60 mils
Date: 12/7/01 Liner density = 0.94 g/cm3
Depth of leachate = 4 cm
CONVERSIONS
pCi/Ci= 1.00E+12
cm?/Il = 1000
cm/mil = 2.54E-03
(dis/s)/Ci= 3.70E+10
sec/hr = 3600
g/kg = 1.00E+03
eV/Mev = 1.00E+06
JleV = 1.60E-19
rad = 0.01 J/kg
rad/Gy = 100
[Rand Calculation for Calculating Dose for Ac225
1.14e-7pCi  x liter X Ci X 4cm3 = 4.56e-22 Ci
liter 1000cm3 1e12pCi
4.56e-22 Ci x 3.7e10dis x 3600 sec x 5.832MeV x 1e6 eV =0.3542 eV
Cisec hour dis MeV hour
Liner Mass: 60 mil  x in X 254cm  x 094g x kg =1.432e-4 kg
1000 mil in cm3 1000 g
0.3542eV x 1.6e-19J x 1 X rad kg =3.95e-14 rad
hour eV 1.432e-4 kg 0.01J hr
Disintegration Disintegration | Disintegration
ICDF Average | ICDF Average | Energy from [ Disintegration | Energy from Energy from Total
Activity Activity Alpha Energy from Gamma Electron Disintegration ICDF Liner
Concentration | Concentration Radiation Beta Radiation Radiation Radiation Energy Radiation Dose
Constituent (pCilL) (Cilem®) (MeV/dis)* (MeV/dis)® (MeV/dis)® (MeV/dis)* (MeV/dis)® (Rads/hr)
Ac225 1.14E-07 1.14E-22 5.794750712 0.015675725 0.021753375 5.832179811 3.95E-14
Ac227 4.54E-05 4.54E-20 0.067076762 0.009519 0.000269356 0.002766609 0.079631727 2.15E-13
Ac228 3.38E-10 3.38E-25 0.365039719 0.926920369 0.064207018 1.356167107 2.73E-17
Ag108 4.10E-08 4.10E-23 0.609441 0.017742571 0.000104798 0.627288369 1.53E-15
Ag108m 8.88E+00 8.88E-15 1.619571716 0.014175304 1.63374702 8.63E-07
Ag109m 5.46E-11 5.46E-26 0.011251468 0.075708836 0.086960304 2.83E-19
Ag110 5.75E-10 5.74855E-25 1.181485222 0.030569692 1.49286E-05 1.212069842 4.15E-17
Ag110m 6.16E-08 6.15802E-23 0.065497652 2.740392268 0.002891351 2.808781272 1.03E-14
Am241 7.01E+01 7.00857E-14 5.4776265 0.028100691 0.029402026 5.535129217 2.31E-05
Am242 1.33E-04 1.33277E-19 0.159206 0.01777726 0.014518168 0.191501428 1.52E-12
Am242m 1.33E-04 1.32877E-19 0.02491305 0.004697851 0.036045937 0.065656838 5.19E-13
Am243 9.82E-04 9.8225E-19 5.26454376 0.058325807 0.025255628 5.348125195 3.13E-10
Am246 4.06E-25 4.06494E-40 0.2600814 0.979943558 0.029091734 1.269116692 3.07E-32
At217 8.54E-04 8.53567E-19 7.065707158 7.065707158 3.59E-10
Ba137m 4.62E+05 4.61732E-10 0.597793455 0.063669106 0.661462561 1.82E-02
Be 10 4.57E-06 4.56737E-21 0.2025 0.2025 5.50E-14
Bi210 1.09E-05 1.09161E-20 0.389 0.389 2.53E-13
Bi211 1.83E-04 1.82992E-19 6.549152819 0.000476658 0.047468126 0.009283362 6.606380966 7.19E-11
Bi212 5.53E-03 5.52598E-18 2.173446631 0.459769426 0.184126961 0.008766847 2.826109865 9.29E-10
Bi214 5.62E-05 5.61657E-20 0.631854371 1.509899923 0.011891859 2.153646154 7.20E-12
Bk249 5.39E-22 5.39325E-37 0.03299967 0.03299967 1.06E-30
Bk250 1.94E-26 1.93749E-41 0.26636366 0.886746664 0.02698613 1.180096454 1.36E-33
C 14 9.11E-03 9.1119E-18 0.04947 0.04947 2.68E-11
Cd109 8.11E-10 8.11386E-25 0.014910997 0.004730612 0.019641609 9.48E-19
Cd113m 2.67E+02 2.67401E-13 0.185357358 0.185357358 2.95E-06
Cd115m 7.02E-52 7.01999E-67 0.606227346 0.021898515 0.62812586 2.62E-59
Cel41 3.61E-71 3.60929E-86 0.1446745 0.076850362 0.025152933 0.246677795 5.30E-79
Cel44 3.61E-03 3.61187E-18 0.0832751 0.019274755 0.009263998 0.111813852 2.40E-11
Cf249 8.09E-16 8.08594E-31 5.832326913 0.331949482 0.037464582 6.201740977 2.98E-22
Cf250 4.13E-16 4.13182E-31 6.019605686 0.001194765 0.004455842 6.025256294 1.48E-22
Cf251 1.87E-18 1.86599E-33 5.6630136 0.121953755 0.159025305 5.94399266 6.60E-25
Cf252 4.40E-20 4.39839E-35 0.006078129 0.004222783 0.010300912 2.70E-29
Cm241 3.24E-81 3.24048E-96 0.0592 0.112 0.1712 3.30E-89
Cm242 1.35E-17 1.34831E-32 6.104058752 0.00886198 0.007548684 6.120469416 4.91E-24
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Disintegration Disintegration | Disintegration
ICDF Average | ICDF Average | Energy from | Disintegration [ Energy from Energy from Total
Activity Activity Alpha Energy from Gamma Electron Disintegration ICDF Liner
Concentration | Concentration Radiation Beta Radiation Radiation Radiation Energy Radiation Dose
Constituent (pCilL) (Cilcm’) (MeV/dis)® (MeV/dis)® (MeV/dis)® (MeV/dis)® (MeVIdis)h (Rads/hr)
Cm248 4.88E-17 4.88339E-32 4.652098978 0.001053916 0.004771581 4.657924475 1.35E-23
Cm250 1.38E-25 1.3823E-40 1.2975 0.00126 1.29876 1.07E-32
Co-57 3.67E-01 3.67011E-16 0.125116492 0.018266873 0.143383365 3.13E-09
Co-58 5.84E-15 5.84275E-30 0.97577339 0.003554852 0.979328243 3.40E-22
Co-60 1.92E+04 1.92228E-11 0.09579 2.505813093 2.601603093 2.98E-03
Cr-51 7.66E-53 7.66009E-68 0.032581687 0.003609603 0.036191289 1.65E-61
Cs-134 2.24E+01 2.24236E-14 0.156843574 1.555088123 0.005168308 1.717100005 2.29E-06
Cs135 7.16E-02 7.16176E-17 0.0563 0.0563 2.40E-10
Cs137 4.89E+04 4.88614E-11 0.1707536 0.1707536 4.96E-04
Eu150 5.09E-08 5.08758E-23 0.292 0.292 8.84E-16
Eu152 2.85E+03 2.84526E-12 0.083686791 1.152309414 0.040284747 1.276280952 2.16E-04
Eu154 2.41E+03 2.41379E-12 0.225199121 1.253240971 0.04847077 1.526910861 2.19E-04
Eu155 5.19E+02 5.18807E-13 0.04544052 0.060584231 0.016346264 0.122371015 3.78E-06
Fe-59 2.05E-34 2.0497E-49 0.117452592 1.188458138 1.30591073 1.59E-41
Fr221 1.02E-07 1.02416E-22 6.35419518 0.030918345 0.009345796 6.394459322 3.90E-14
Fr223 5.65E-07 5.64646E-22 0.341682282 0.054245778 0.038798691 0.434726751 1.46E-14
Gd152 1.13E-13 1.13275E-28 2.1496 2.1496 1.45E-20
Gd153 8.38E-11 8.38004E-26 0.110492119 0.041857881 0.15235 7.60E-19
H 3 8.26E+05 8.26041E-10 0.005685 0.005685 2.79E-04
Hf-181 1.73E-36 1.73311E-51 0.118616 0.544135316 0.075669588 0.738420904 7.62E-44
Ho166m 1.08E-05 1.07982E-20 0.040363706 1.59696433 0.103964407 1.741292443 1.12E-12
1129 2.16E+04 2.16334E-11 0.0409 0.024638767 0.013400713 0.078939479 1.02E-04
In114 4.83E-54 4.83478E-69 0.771593317 0.031986443 4.73967E-05 0.803627157 2.31E-61
In114m 5.06E-54 5.06252E-69 0.097219841 0.142167093 0.239386934 7.21E-62
In115 1.48E-11 1.48146E-26 0.152 0.152 1.34E-19
K-40 1.27E+02 1.27291E-13 0.454278782 0.155895094 0.00019193 0.610365806 4.62E-06
La140 2.21E-105 2.2065E-120 0.527461627 2.316273704 0.005168104 2.848903435 3.74E-112
Mn-54 3.86E-07 3.85666E-22 0.83600515 0.003819757 0.839824907 1.93E-14
Nb92 6.34E-18 6.34129E-33 1.503376922 0.006587855 1.509964777 5.70E-25
Nb93m 1.35E-01 1.34956E-16 0.001949851 0.02830264 0.030252491 2.43E-10
Nb94 8.83E-05 8.82572E-20 0.1458 1.573752035 0.001108272 1.720660307 9.04E-12
Nb95 4.80E-32 4.79764E-47 0.04343358 0.764449657 0.000960441 0.808843679 2.31E-39
Nb95m 1.84E-34 1.83993E-49 0.024094426 0.066299718 0.156400746 0.24679489 2.70E-42
Nd144 1.36E-09 1.3614E-24 1.9 1.9 1.54E-16
Np235 8.43E-09 8.43464E-24 0.006849299 0.00295462 0.009803919 4.92E-18
Np236 8.60E-06 8.60333E-21 0.007895 0.144249657 0.188908994 0.341053651 1.75E-13
Np237 7.98E+01 7.97825E-14 4.759362826 0.032973835 0.062385374 4.854722034 2.30E-05
Np238 2.70E-05 2.70471E-20 0.224714208 0.554083268 0.029658953 0.808456429 1.30E-12
Np239 4.14E-02 4.14422E-17 0.115125998 0.172110902 0.128163122 0.415400022 1.02E-09
Np240 3.46E-12 3.46382E-27 0.241 1.16312137 0.190279619 1.594400989 3.29E-19
Np240m 3.15E-09 3.14893E-24 0.590015065 0.333687187 0.025194589 0.948896841 1.78E-16
Pa231 1.27E-04 1.26888E-19 5.380806428 0.037179164 0.035516603 5.453502195 4.12E-11
Pa233 7.92E-02 7.91815E-17 0.0585556 0.217583236 0.133362528 0.409501364 1.93E-09
Pa234 4.98E-06 4.98489E-21 0.22297083 1.966021292 0.2744944 2.463486522 7.31E-13
Pa234m 3.11E-03 3.11453E-18 0.820374363 0.011413333 0.003045741 0.834833438 1.55E-10
Pb209 4.85E-07 4.84656E-22 0.1976 0.1976 5.70E-15
Pb210 1.09E-05 1.09161E-20 0.00651402 0.004510364 0.027874272 0.038898656 2.53E-14
Pb211 1.83E-04 1.82992E-19 0.452909635 0.050904428 0.001625278 0.505439341 5.50E-12
Pb212 5.53E-03 5.52598E-18 0.09961888 0.14811816 0.073508769 0.321245808 1.06E-10
Pb214 5.62E-05 5.61657E-20 0.2195445 0.249218235 0.069709256 0.538471991 1.80E-12
Pd107 1.11E-01 1.11124E-16 0.033101 0.033101 2.19E-10
Pm146 2.42E-02 2.42035E-17 0.0895829 0.753108251 0.008140193 0.850831344 1.23E-09
Pm147 1.59E+03 1.58971E-12 0.061957827 3.51654E-06 0.061961344 5.86E-06
Pm148 1.66E-58 1.65511E-73 0.72568641 0.574309603 0.000924896 1.30092091 1.28E-65
Pm148m 3.43E-57 3.42833E-72 0.1454396 1.991307208 0.01855489 2.155301698 4.40E-64
P0210 6.77E-06 6.7654E-21 5.304496719 8.8341E-06 5.304505553 2.14E-12
Po211 4.56E-09 4.5606E-24 7.442553252 0.007761102 7450314354 2.02E-15
P0212 2.19E-03 2.18667E-18 8.7849 8.7849 1.14E-09
P0213 2.89E-07 2.89342E-22 8.3769694 0.000030381 8.376999781 1.44E-13
Po214 3.75E-05 3.74513E-20 7.686985013 8.29192E-05 7.687067933 1.71E-11
Po215 1.22E-04 1.22019E-19 7.386157912 0.000149158 7.38630707 5.36E-11
P0216 3.68E-03 3.68473E-18 6.77847216 1.44882E-05 6.778486648 1.49E-09
P0218 3.75E-05 3.74513E-20 6.001296466 6.001296466 1.34E-11
Pr144 7.38E-03 7.38075E-18 1.207181838 0.031914881 0.044921056 1.284017776 5.64E-10
Pr144m 1.06E-04 1.05542E-19 0.01184728 0.01184728 7.44E-14
Pu236 3.95E-05 3.94781E-20 5.759246369 0.001823624 0.010642416 5.771712409 1.36E-11
Pu237 8.64E-58 8.63987E-73 0.053631643 0.00860943 0.062241073 3.20E-66
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Disintegration Disintegration | Disintegration
ICDF Average | ICDF Average | Energy from | Disintegration [ Energy from Energy from Total
Activity Activity Alpha Energy from Gamma Electron Disintegration ICDF Liner
Concentration | Concentration Radiation Beta Radiation Radiation Radiation Energy Radiation Dose
Constituent (pCilL) (Cilcm’) (MeV/dis)® (MeV/dis)® (MeV/dis)® (MeV/dis)® (MeVIdis)h (Rads/hr)
Pu238 1.67E+03 1.66644E-12 5.487135213 0.001600358 0.008259555 5496995126 5.45E-04
Pu239 4.76E+01 4.75673E-14 5.147993305 0.000654063 0.004879569 5.153526936 1.46E-05
Pu240 1.07E+01 1.07109E-14 5.15442817 0.001526154 0.008332035 5.164286359 3.29E-06
Pu241 4.56E+02 4.56263E-13 0.005229895 0.005229895 1.42E-07
Pu242 1.72E-03 1.71827E-18 4.914950908 0.001267029 0.006838836 4.923056772 5.03E-10
Pu243 4.56E-15 4.56263E-30 0.160416257 0.024856596 0.009931485 0.195204338 5.30E-23
Pu244 1.82E-10 1.81534E-25 4.59129767 0.001091163 0.00576354 4.598152374 4.97E-17
Pu246 9.87E-25 9.86952E-40 0.054192 0.100325541 0.154517541 9.07E-33
Ra222 1.17E-115 1.1686E-130 6.543645859 0.009191111 0.000710852 6.553547823 4.56E-122
Ra223 2.02E-04 2.02468E-19 5.693111445 0.135359242 0.070979646 5.899450334 7.11E-11
Ra224 5.53E-03 5.52598E-18 5.674903074 0.010016186 0.002181394 5.687100654 1.87E-09
Ra225 5.12E-07 5.11833E-22 0.09364 0.014401901 0.011183962 0.119225863 3.63E-15
Ra226 4.73E+00 4.73487E-15 4.779486739 0.006748 0.003450946 4.789685685 1.35E-06
Ra228 1.52E-09 1.52191E-24 0.0099 6.67E-09 0.001668 0.011568007 1.05E-18
Rb87 2.02E-04 2.02493E-19 0.0788 0.0788 9.50E-13
Rh102 5.71E-04 5.71027E-19 0.0798 0.0798 2.71E-12
Rh103m 5.43E-57 5.42777E-72 0.001719179 0.03714169 0.038860869 1.26E-65
Rh106 2.18E-01 2.18418E-16 1.412048767 0.207318974 1.61936774 2.10E-08
Rn218 2.10E-112 2.0999E-127 7.13224054 0.000755544 7.132996084 8.91E-119
Rn219 3.38E-01 3.3765E-16 6.768687931 0.057349406 0.006215139 6.832252476 1.37E-07
Rn220 9.22E+00 9.2155E-15 6.287774939 0.000522244 6.288297183 3.45E-06
Rn222 1.03E-01 1.03486E-16 5.48922225 0.00038912 5.48961137 3.38E-08
Ru103 3.65E-28 3.64513E-43 0.06754106 0.483836014 0.00219364 0.553570714 1.20E-35
Ru106 2.21E-01 2.20509E-16 0.039401 0.039401 5.17E-10
Sb124 4.14E-39 4.14237E-54 0.377755372 1.868890831 0.002369455 2.249015659 5.54E-46
Sb125 1.85E+02 1.85236E-13 0.08644006 0.432562126 0.011201711 0.530203897 5.84E-06
Sb126 4.12E-01 4.11874E-16 0.2904498 2.753144672 0.008852224 3.052446696 7.48E-08
Sb126m 2.94E+00 2.94195E-15 0.5821 1.572598561 0.010281928 2.164980488 3.79E-07
Sc-46 9.18E-20 9.1778E-35 0.112016432 2.009462055 2.121478487 1.16E-26
Se 79 4.08E+01 4.08468E-14 0.0522 0.0522 1.27E-07
Sm146 1.77E-09 1.77335E-24 2.53 2.53 2.67E-16
Sm147 1.71E-05 1.7098E-20 2.2476 2.2476 2.29E-12
Sm148 4.20E-12 4.20258E-27 1.99 1.99 4.98E-19
Sm149 2.13E-11 2.13338E-26 0 0 0 0.00E+00
Sm151 1.41E+03 1.40601E-12 0.019629664 1.26002E-05 0.000142779 0.019785044 1.66E-06
Sn119m 1.14E-06 1.14041E-21 0.011398832 0.075702053 0.087100885 5.91E-15
Sn121m 2.07E-01 2.06532E-16 0.00304 0.00304 3.74E-11
Sn123 6.47E-16 6.4725E-31 0.520527904 0.006892023 0.527419926 2.03E-23
Sn126 1.13E+00 1.1334E-15 0.2501 0.056584693 0.051902929 0.358587622 2.42E-08
Sr89 4.96E-42 4.96364E-57 0.58294069 0.000136365 0.583077055 1.72E-49
Sro0 1.90E+06 1.8965E-09 0.546 0.546 6.16E-02
Tb160 1.32E-33 1.32325E-48 0.225914897 1.081655763 0.045293923 1.352864583 1.07E-40
Tc 98 6.80E-04 6.79832E-19 0.118 1.394806477 0.002533816 1.515340293 6.13E-11
Tc 99 2.21E+04 2.21364E-11 0.084600002 5.3616E-07 0.084600538 1.11E-04
Te123 3.62E-14 3.61635E-29 0.013085863 0.003979538 0.017065401 3.67E-23
Te123m 2.36E-22 2.35653E-37 0.147968536 0.097813431 0.245781966 3.45E-30
Te125m 1.81E+01 1.81252E-14 0.035029212 0.1243697 0.159398912 1.72E-07
Te127 7.48E-19 7.48362E-34 0.222944359 0.004837938 0.227782297 1.01E-26
Te127m 7.60E-19 7.59597E-34 0.004605048 0.01122391 0.074989512 0.090818471 4.11E-27
Te129 5.40E-70 5.39691E-85 0.524547312 0.057653871 0.021254015 0.603455198 1.94E-77
Te129m 8.57E-70 8.56757E-85 0.211896011 0.039439344 0.057284 0.308619356 1.57E-77
Th226 2.18E-116 2.1787E-131 6.30769684 0.008516701 0.019601821 6.335815362 8.21E-123
Th227 1.82E-04 1.81633E-19 5.90223546 0.109621209 0.038621827 6.050478496 6.54E-11
Th228 3.29E-01 3.2872E-16 5.39930015 0.003074111 0.019010262 5.421384523 1.06E-07
Th229 5.12E-07 5.11833E-22 4.862233245 0.094769364 0.099685142 5.056687752 1.54E-13
Th230 1.73E+00 1.73379E-15 4.67678788 0.001405096 0.012883269 4.691076245 4.84E-07
Th231 1.61E+00 1.60797E-15 0.080038999 0.023548831 0.074878474 0.178466304 1.71E-08
Th232 1.56E+00 1.55721E-15 4.00455 0.001196619 0.010883174 4.016629793 3.72E-07
Th234 1.71E-02 1.71215E-17 0.0433679 0.009067919 0.014136614 0.066572433 6.78E-11
TI207 1.83E-04 1.82539E-19 0.4932555 0.002169023 0.495424523 5.38E-12
TI1208 1.98E-03 1.97939E-18 0.554863585 3.369590402 0.034133866 3.958587853 4.66E-10
TI209 1.05E-08 1.05084E-23 1.8248 2.117940734 0.028724369 3.971465102 2.48E-15
Tm170 2.66E-25 2.65672E-40 0.315252 0.005426825 0.014066319 0.334745144 5.29E-33
Tm171 6.64E-12 6.64218E-27 0.0248128 0.000683304 0.000721114 0.026217219 1.04E-20
U232 8.83E-02 8.8251E-17 5.306496425 0.001781837 0.014381205 5.322659468 2.80E-08
U233 4.23E-03 4.22558E-18 4.813433579 0.000718117 0.003004358 4.817156054 1.21E-09
U234 9.95E+02 9.94693E-13 4.763028496 0.001476859 0.011293806 4.775799161 2.83E-04
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Disintegration Disintegration | Disintegration
ICDF Average | ICDF Average | Energy from | Disintegration [ Energy from Energy from Total
Activity Activity Alpha Energy from Gamma Electron Disintegration ICDF Liner
Concentration | Concentration Radiation Beta Radiation Radiation Radiation Energy Radiation Dose
Constituent (pCilL) (Cilcm3) (MeV/dis)* (MeV/dis)® (MeV/dis)® (MeV/dis)* (MeVIdis)b (Rads/hr)
U235 1.82E+01 1.81903E-14 4.378449 0.153592927 0.041995511 4.574037438 4.95E-06
U236 3.34E+01 3.33559E-14 4.4925232 0.001373011 0.009564051 4.503460262 8.94E-06
U238 3.22E+02 3.22148E-13 4.1940197 0.001212454 0.008504387 4.203736541 8.06E-05
U240 4.19E-09 4.18818E-24 0.125 0.006717716 0.028465325 0.160183041 3.99E-17
Xel27 2.63E-68 2.63427E-83 0.278982226 0.030144757 0.309126983 4.85E-76
Xe131m 4.49E-108 4.4853E-123 0.02009925 0.142249615 0.162348865 4.33E-116
Y90 1.35E+05 1.34525E-10 0.93471862 0.035127416 0.969846036 7.76E-03
Y91 2.44E-36 2.43696E-51 0.6022883 0.0036147 0.605903 8.79E-44
Zn65 1.68E-07 1.67979E-22 0.583769699 0.004560562 0.588330261 5.88E-15
Zr93 1.43E+00 1.4275E-15 0.0195 0.0195 1.66E-09
Zr95 4.87E-25 4.87454E-40 0.116123 0.73494917 0.85107217 2.47E-32
Total Absorbed Dose Rate in Rads/Hour 9.30E-02
Total Absorbed Dose For 15 year Operational Life in Rads 1.22E+04

References:

a. Disintigration energy based on the total energy reported in the following sources:
Computer software: Radiation Decay Version 3.5 developed by Professor Charles Hacker, Griffith Univeristy, Gold Coast, ustraila

Handbook of Health Physics and Radiological Health, 3rd Edition, edited by Bernard Shleien, Lester A. Slaback Jr., and Brian Kent Birky,
Baltimore, Maryland, 1998

National Nuclear Data Center web site, Decay in the MIRD format, www:nndc.bnl.gov/nnbc/formmird.html

b. Total disintigration energy is the sum of alpha, beta, gamma, and electron energies.
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Appendix B-2

Geomembrane Dose in the Evaporation Pond
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Date: 10/6/01 VARIABLES
Checked by: B. Adams/J. Pellicer Liner Thickness = 60 mils
Date: 12-7-01 Liner density = 0.94 glcm®
Depth of leachate = 36 cm
CONVERSIONS
pCi/Ci= 1.00E+12
cm®/l = 1000
cm/mil = 2.54E-03
(dis/s)/Ci= 3.70E+10
sec/hr = 3600
g/kg = 1.00E+03
eV/Mev = 1.00E+06
J/leV = 1.60E-19
rad/Gy = 100
DTS graton DISTEgraton | Disimegraton
ICDF Average | ICDF Average | Energy from [ Disintegration | Energy from Energy from Total
Activity Activity Alpha Energy from Gamma Electron Disintegration ICDF Liner
Concentration | Concentration Radiation Beta Radiation Radiation Radiation Energy Radiation Dose
Constituent (pCilL) (Cilem®) (MeV/dis)® (MeV/dis)® (MeV/dis)® (MeV/dis)® (MeV/dis)® (Rads/hr)
Ac225 1.1E-07 1.14E-22 5.794750712 0.015675725 0.021753375 5.832179811 3.55E-13
Ac227 4.5E-05 4.54E-20 0.067076762 0.009519 0.000269356 0.002766609 0.079631727 1.94E-12
Ac228 3.4E-10 3.38E-25 0.365039719 0.926920369 0.064207018 1.356167107 2.46E-16
Ag108 4.1E-08 4.10E-23 0.609441 0.017742571 0.000104798 0.627288369 1.38E-14
Ag108m 8.9E+00 8.88E-15 1.619571716 0.014175304 1.63374702 7.77E-06
Ag109m 5.5E-11 5.46E-26 0.011251468 0.075708836 0.086960304 2.54E-18
Ag110 5.7E-10] 5.74855E-25 1.181485222 0.030569692 1.49286E-05 1.212069842 3.73E-16
Ag110m 6.2E-08| 6.15802E-23 0.065497652 2.740392268 0.002891351 2.808781272 9.26E-14
Am241 7.0E+01| 7.00857E-14 5.4776265 0.028100691 0.029402026 5.535129217 2.08E-04
Am242 1.3E-04| 1.33277E-19 0.159206 0.01777726 0.014518168 0.191501428 1.37E-11
Am242m 1.3E-04] 1.32877E-19 0.02491305 0.004697851 0.036045937 0.065656838 4.67E-12
Am243 9.8E-04] 9.8225E-19 5.26454376 0.058325807 0.025255628 5.348125195 2.81E-09
Am246 4.1E-25| 4.06494E-40 0.2600814 0.979943558 0.029091734 1.269116692 2.76E-31
At217 8.5E-04| 8.53567E-19 7.065707158 7.065707158 3.23E-09
Ba137m 4.6E+05| 4.61732E-10 0.597793455 0.063669106 0.661462561 1.64E-01
Be 10 4.6E-06] 4.56737E-21 0.2025 0.2025 4.95E-13
Bi210 1.1E-05] 1.09161E-20 0.389 0.389 2.27E-12
Bi211 1.8E-04| 1.82992E-19 6.549152819 0.000476658 0.047468126 0.009283362 6.606380966 6.47E-10
Bi214 5.6E-05] 5.61657E-20 0.631854371 1.509899923 0.011891859 2.153646154 6.48E-11
Bk249 5.4E-22] 5.39325E-37 0.03299967 0.03299967 9.53E-30
Bk250 1.9E-26] 1.93749E-41 0.26636366 0.886746664 0.02698613 1.180096454 1.22E-32
Cd109 8.1E-10| 8.11386E-25 0.014910997 0.004730612 0.019641609 8.54E-18
Cd113m 2.7E+02| 2.67401E-13 0.185357358 0.185357358 2.65E-05
Ce141 3.6E-71] 3.60929E-86 0.1446745 0.076850362 0.025152933 0.246677795 4.77E-78
Cel44 3.6E-03] 3.61187E-18 0.0832751 0.019274755 0.009263998 0.111813852 2.16E-10
Cf249 8.1E-16] 8.08594E-31 5.832326913 0.331949482 0.037464582 6.201740977 2.69E-21
Cf250 4.1E-16] 4.13182E-31 6.019605686 0.001194765 0.004455842 6.025256294 1.33E-21
Cf251 1.9E-18| 1.86599E-33 5.6630136 0.121953755 0.159025305 5.94399266 5.94E-24
Cm241 3.2E-81] 3.24048E-96 0.0592 0.112 0.1712 2.97E-88
Cm242 1.3E-17] 1.34831E-32 6.104058752 0.00886198 0.007548684 6.120469416 4.42E-23
Cm243 8.9E-07] 8.883E-22 5.834234959 0.132613797 0.122747969 6.089596726 2.90E-12
Cm244 4.5E-04] 4.50948E-19 5.796499747 0.001490051 0.006438553 5.804428351 1.40E-09
Cm245 2.0E-08| 2.00547E-23 5.360616241 0.076920127 0.069851389 5.507387757 5.92E-14
Cm246 4.5E-10| 4.47549E-25 5.37557179 0.001325463 0.006093795 5.382991049 1.29E-15
Cm247 1.6E-16] 1.59758E-31 4.946722 0.317367237 0.014739412 5.278828648 4.52E-22
Cm248 4.9E-17] 4.88339E-32 4.652098978 0.001053916 0.004771581 4.657924475 1.22E-22
Co-57 3.7E-01] 3.67011E-16 0.125116492 0.018266873 0.143383365 2.82E-08
Co-58 5.8E-15] 5.84275E-30 0.97577339 0.003554852 0.979328243 3.06E-21
Co-60 1.9E+04| 1.92228E-11 0.09579 2.505813093 2.601603093 2.68E-02
Cr-51 7.7E-53] 7.66009E-68 0.032581687 0.003609603 0.036191289 1.48E-60
Cs-134 2.2E+01| 2.24236E-14 0.156843574 1.555088123 0.005168308 1.717100005 2.06E-05
Cs135 7.2E-02] 7.16176E-17 0.0563 0.0563 2.16E-09
Cs137 4.9E+04| 4.88614E-11 0.1707536 0.1707536 4.47E-03
Eu150 5.1E-08] 5.08758E-23 0.292 0.292 7.96E-15
Eu152 2.8E+03| 2.84526E-12 0.083686791 1.152309414 0.040284747 1.276280952 1.94E-03
Eu154 2.4E+03| 2.41379E-12 0.225199121 1.253240971 0.04847077 1.526910861 1.97E-03
Eu155 5.2E+02| 5.18807E-13 0.04544052 0.060584231 0.016346264 0.122371015 3.40E-05
Fe-59 2.0E-34] 2.0497E-49 0.117452592 1.188458138 1.30591073 1.43E-40
Fr221 1.0E-07] 1.02416E-22 6.35419518 0.030918345 0.009345796 6.394459322 3.51E-13
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DISTNTEgTaton DISTEgraton | DISTTEgTaton
ICDF Average | ICDF Average | Energy from [ Disintegration | Energy from Energy from Total
Activity Activity Alpha Energy from Gamma Electron Disintegration ICDF Liner
Concentration | Concentration Radiation Beta Radiation Radiation Radiation Energy Radiation Dose
Constituent (pCilL) (Cilem®) (MeV/dis)® (MeV/dis)® (MeV/dis)® (MeV/dis)® (MeV/dis)® (Rads/hr)
In114m 5.1E-54] 5.06252E-69 0.097219841 0.142167093 0.239386934 6.49E-61
In115 1.5E-11| 1.48146E-26 0.152 0.152 1.21E-18
K-40 1.3E+02| 1.27291E-13 0.454278782 0.155895094 0.00019193 0.610365806 4.16E-05
La140 2.2E-105| 2.2065E-120 0.527461627 2.316273704 0.005168104 2.848903435 3.37E-111
Mn-54 3.9E-07] 3.85666E-22 0.83600515 0.003819757 0.839824907 1.73E-13
Nb92 6.3E-18| 6.34129E-33 1.503376922 0.006587855 1.509964777 5.13E-24
Nb93m 1.3E-01] 1.34956E-16 0.001949851 0.02830264 0.030252491 2.19E-09
Nb94 8.8E-05| 8.82572E-20 0.1458 1.573752035 0.001108272 1.720660307 8.13E-11
Nb95m 1.8E-34| 1.83993E-49 0.024094426 0.066299718 0.156400746 0.24679489 2.43E-41
Nd144 1.4E-09] 1.3614E-24 1.9 1.9 1.39E-15
Np236 8.6E-06] 8.60333E-21 0.007895 0.144249657 0.188908994 0.341053651 1.57E-12
Np239 4.1E-02| 4.14422E-17 0.115125998 0.172110902 0.128163122 0.415400022 9.22E-09
Np240m 3.1E-09] 3.14893E-24 0.590015065 0.333687187 0.025194589 0.948896841 1.60E-15
Pa231 1.3E-04] 1.26888E-19 5.380806428 0.037179164 0.035516603 5.453502195 3.71E-10
Pa233 7.9E-02] 7.91815E-17 0.0585556 0.217583236 0.133362528 0.409501364 1.74E-08
Pa234 5.0E-06] 4.98489E-21 0.22297083 1.966021292 0.2744944 2.463486522 6.58E-12
Pa234m 3.1E-03] 3.11453E-18 0.820374363 0.011413333 0.003045741 0.834833438 1.39E-09
Pb209 4.8E-07] 4.84656E-22 0.1976 0.1976 5.13E-14
Pb210 1.1E-05] 1.09161E-20 0.00651402 0.004510364 0.027874272 0.038898656 2.27E-13
Pb212 5.5E-03] 5.52598E-18 0.09961888 0.14811816 0.073508769 0.321245808 9.51E-10
Pb214 5.6E-05] 5.61657E-20 0.2195445 0.249218235 0.069709256 0.538471991 1.62E-11
Pd107 1.1E-01] 1.11124E-16 0.033101 0.033101 1.97E-09
Pm146 2.4E-02] 2.42035E-17 0.0895829 0.753108251 0.008140193 0.850831344 1.10E-08
Pm147 1.6E+03| 1.58971E-12 0.061957827 3.51654E-06 0.061961344 5.28E-05
Pm148 1.7E-58| 1.65511E-73 0.72568641 0.574309603 0.000924896 1.30092091 1.15E-64
Pm148m 3.4E-57] 3.42833E-72 0.1454396 1.991307208 0.01855489 2.155301698 3.96E-63
Po210 6.8E-06] 6.7654E-21 5.304496719 8.8341E-06 5.304505553 1.92E-11
Po211 4.6E-09] 4.5606E-24 7.442553252 0.007761102 7.450314354 1.82E-14
Po212 2.2E-03| 2.18667E-18 8.7849 8.7849 1.03E-08
Po213 2.9E-07| 2.89342E-22 8.3769694 0.000030381 8.376999781 1.30E-12
Po214 3.7E-05] 3.74513E-20 7.686985013 8.29192E-05 7.687067933 1.54E-10
Po215 1.2E-04] 1.22019E-19 7.386157912 0.000149158 7.38630707 4.83E-10
Po216 3.7E-03] 3.68473E-18 6.77847216 1.44882E-05 6.778486648 1.34E-08
Po218 3.7E-05] 3.74513E-20 6.001296466 6.001296466 1.20E-10
Pr144 7.4E-03] 7.38075E-18 1.207181838 0.031914881 0.044921056 1.284017776 5.08E-09
Pr144m 1.1E-04] 1.05542E-19 0.01184728 0.01184728 6.70E-13
Pu236 3.9E-05] 3.94781E-20 5.759246369 0.001823624 0.010642416 5.771712409 1.22E-10
Pu237 8.6E-58| 8.63987E-73 0.053631643 0.00860943 0.062241073 2.88E-65
Pu238 1.7E+03| 1.66644E-12 5.487135213 0.001600358 0.008259555 5.496995126 4.91E-03
Pu239 4.8E+01| 4.75673E-14 5.147993305 0.000654063 0.004879569 5.153526936 1.31E-04
Pu240 1.1E+01] 1.07109E-14 5.15442817 0.001526154 0.008332035 5.164286359 2.96E-05
Pu241 4.6E+02| 4.56263E-13 0.005229895 0.005229895 1.28E-06
Pu242 1.7E-03| 1.71827E-18 4.914950908 0.001267029 0.006838836 4.923056772 4.53E-09
Pu243 4.6E-15| 4.56263E-30 0.160416257 0.024856596 0.009931485 0.195204338 4.77E-22
Pu244 1.8E-10] 1.81534E-25 4.59129767 0.001091163 0.00576354 4.598152374 4.47E-16
Pu246 9.9E-25] 9.86952E-40 0.054192 0.100325541 0.154517541 8.17E-32
Ra222 1.2E-115] 1.1686E-130 6.543645859 0.009191111 0.000710852 6.553547823 4.10E-121
Ra224 5.5E-03] 5.52598E-18 5.674903074 0.010016186 0.002181394 5.687100654 1.68E-08
Ra225 5.1E-07] 5.11833E-22 0.09364 0.014401901 0.011183962 0.119225863 3.27E-14
Ra226 4.7E+00| 4.73487E-15 4.779486739 0.006748 0.003450946 4.789685685 1.21E-05
Ra228 1.5E-09] 1.52191E-24 0.0099 6.67E-09 0.001668 0.011568007 9.43E-18
Rb87 2.0E-04| 2.02493E-19 0.0788 0.0788 8.55E-12
Rh102 5.7E-04] 5.71027E-19 0.0798 0.0798 2.44E-11
Rh103m 5.4E-57] 5.42777E-72 0.001719179 0.03714169 0.038860869 1.13E-64
Rh106 2.2E-01] 2.18418E-16 1.412048767 0.207318974 1.61936774 1.89E-07
Rn218 2.1E-112| 2.0999E-127 7.13224054 0.000755544 7.132996084 8.02E-118
Rn219 3.4E-01| 3.3765E-16 6.768687931 0.057349406 0.006215139 6.832252476 1.24E-06
Rn220 9.2E+00| 9.2155E-15 6.287774939 0.000522244 6.288297183 3.10E-05
Rn222 1.0E-01] 1.03486E-16 5.48922225 0.00038912 5.48961137 3.04E-07
Ru103 3.6E-28] 3.64513E-43 0.06754106 0.483836014 0.00219364 0.553570714 1.08E-34
Ru106 2.2E-01] 2.20509E-16 0.039401 0.039401 4.65E-09
Sb124 4.1E-39| 4.14237E-54 0.377755372 1.868890831 0.002369455 2.249015659 4.99E-45
Sb125 1.9E+02| 1.85236E-13 0.08644006 0.432562126 0.011201711 0.530203897 5.26E-05
Sb126 4.1E-01] 4.11874E-16 0.2904498 2.753144672 0.008852224 3.052446696 6.73E-07
Sc-46 9.2E-20f 9.1778E-35 0.112016432 2.009462055 2.121478487 1.04E-25
Se 79 4.1E+01| 4.08468E-14 0.0522 0.0522 1.14E-06
Sm146 1.8E-09] 1.77335E-24 2.53 2.53 2.40E-15
Sm147 1.7E-05] 1.7098E-20 2.2476 2.2476 2.06E-11
Sm148 4.2E-12] 4.20258E-27 1.99 1.99 4.48E-18
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DISItegration DISTtegration | DIsinegration
ICDF Average | ICDF Average | Energy from [ Disintegration | Energy from Energy from Total
Activity Activity Alpha Energy from Gamma Electron Disintegration ICDF Liner
Concentration | Concentration Radiation Beta Radiation Radiation Radiation Energy Radiation Dose
Constituent (pCilL) (Cilem®) (MeV/dis)® (MeV/dis)® (MeV/dis)® (MeV/dis)® (MeV/dis)® (Rads/hr)
Sm151 1.4E+03| 1.40601E-12 0.019629664 1.26002E-05 0.000142779 0.019785044 1.49E-05
Sn119m 1.1E-06] 1.14041E-21 0.011398832 0.075702053 0.087100885 5.32E-14
Sn121m 2.1E-01] 2.06532E-16 0.00304 0.00304 3.36E-10
Sn123 6.5E-16] 6.4725E-31 0.520527904 0.006892023 0.527419926 1.83E-22
Sn126 1.1E+00] 1.1334E-15 0.2501 0.056584693 0.051902929 0.358587622 2.18E-07
Sr89 5.0E-42] 4.96364E-57 0.58294069 0.000136365 0.583077055 1.55E-48
Sr90 1.9E+06] 1.8965E-09 0.546 0.546 5.55E-01
Tb160 1.3E-33| 1.32325E-48 0.225914897 1.081655763 0.045293923 1.352864583 9.59E-40
Tc 98 6.8E-04| 6.79832E-19 0.118 1.394806477 0.002533816 1.515340293 5.52E-10
Tc 99 2.2E+04| 2.21364E-11 0.084600002 5.3616E-07 0.084600538 1.00E-03
Te123 3.6E-14] 3.61635E-29 0.013085863 0.003979538 0.017065401 3.31E-22
Te123m 2.4E-22| 2.35653E-37 0.147968536 0.097813431 0.245781966 3.10E-29
Te125m 1.8E+01| 1.81252E-14 0.035029212 0.1243697 0.159398912 1.55E-06
Te127m 7.6E-19] 7.59597E-34 0.004605048 0.01122391 0.074989512 0.090818471 3.69E-26
Tel129 5.4E-70] 5.39691E-85 0.524547312 0.057653871 0.021254015 0.603455198 1.74E-76
Te129m 8.6E-70] 8.56757E-85 0.211896011 0.039439344 0.057284 0.308619356 1.42E-76
Th226 2.2E-116| 2.1787E-131 6.30769684 0.008516701 0.019601821 6.335815362 7.39E-122
Th227 1.8E-04] 1.81633E-19 5.90223546 0.109621209 0.038621827 6.050478496 5.89E-10
Th228 3.3E-01| 3.2872E-16 5.39930015 0.003074111 0.019010262 5.421384523 9.54E-07
Th229 5.1E-07] 5.11833E-22 4.862233245 0.094769364 0.099685142 5.056687752 1.39E-12
Th230 1.7E+00| 1.73379E-15 4.67678788 0.001405096 0.012883269 4.691076245 4.36E-06
Th231 1.6E+00| 1.60797E-15 0.080038999 0.023548831 0.074878474 0.178466304 1.54E-07
Th232 1.6E+00| 1.55721E-15 4.00455 0.001196619 0.010883174 4.016629793 3.35E-06
Th234 1.7E-02| 1.71215E-17 0.0433679 0.009067919 0.014136614 0.066572433 6.10E-10
TI1207 1.8E-04] 1.82539E-19 0.4932555 0.002169023 0.495424523 4.84E-11
TI208 2.0E-03] 1.97939E-18 0.554863585 3.369590402 0.034133866 3.958587853 4.20E-09
TI1209 1.1E-08] 1.05084E-23 1.8248 2.117940734 0.028724369 3.971465102 2.24E-14
Tm170 2.7E-25| 2.65672E-40 0.315252 0.005426825 0.014066319 0.334745144 4.76E-32
Tm171 6.6E-12| 6.64218E-27 0.0248128 0.000683304 0.000721114 0.026217219 9.33E-20
U232 8.8E-02] 8.8251E-17 5.306496425 0.001781837 0.014381205 5.322659468 2.52E-07
U233 4.2E-03| 4.22558E-18 4.813433579 0.000718117 0.003004358 4.817156054 1.09E-08
U234 9.9E+02| 9.94693E-13 4.763028496 0.001476859 0.011293806 4.775799161 2.54E-03
U235 1.8E+01] 1.81903E-14 4.378449 0.153592927 0.041995511 4.574037438 4.46E-05
U236 3.3E+01| 3.33559E-14 4.4925232 0.001373011 0.009564051 4.503460262 8.05E-05
U238 3.2E+02| 3.22148E-13 4.1940197 0.001212454 0.008504387 4.203736541 7.25E-04
U240 4.2E-09] 4.18818E-24 0.125 0.006717716 0.028465325 0.160183041 3.59E-16
Xe127 2.6E-68| 2.63427E-83 0.278982226 0.030144757 0.309126983 4.36E-75
Xe131m 4.5E-108| 4.4853E-123 0.02009925 0.142249615 0.162348865 3.90E-115
Y90 1.3E+05] 1.34525E-10 0.93471862 0.035127416 0.969846036 6.99E-02
Zn65 1.7E-07| 1.67979E-22 0.583769699 0.004560562 0.588330261 5.29E-14
Zr93 1.4E+00] 1.4275E-15 0.0195 0.0195 1.49E-08
Zr95 4.9E-25| 4.87454E-40 0.116123 0.73494917 0.85107217 2.22E-31
Total Absorbed Dose Rate in Rads/Hour 8.36E-01
Total Absorbed Dose For 15 year Operational Life in Rads 1.10E+05

References:

a. Disintigration energy based on the total energy reported in the following sources:
Computer software: Radiation Decay Version 3.5 developed by Professor Charles Hacker, Griffith Univeristy, Gold Coast, ustraila

Handbook of Health Physics and Radiological Health, 3rd Edition, edited by Bernard Shleien, Lester A. Slaback Jr., and Brian Kent Birky,
Baltimore, Maryland, 1998

National Nuclear Data Center web site, Decay in the MIRD format, www:nndc.bnl.gov/nnbc/formmird.html

b. Total disintigration energy is the sum of alpha, beta, gamma, and electron energies.
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Appendix B-3

Maximum Allowable Geomembrane Dose
Calculation for the Landfill
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for the landfill liner
Project #: 2470178
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Revision 2
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Prepared by: B.G. Adams VARIABLES
Date: 12/5/01 Liner Thickness = 60 mils
Checked by: J. Pellicer Liner density = 0.94 g/cm3
Date: 12/7/01 Depth of leachate = 4 cm
CONVERSIONS
pCi/Ci= 1.00E+12
15 yr Dose = 1.0E+06 cm®/l = 1000
Daily Dose = 1.8E+02 cm/mil = 2.54E-03
Dose Rad/hr = 7.6E+00 (dis/s)/Ci= 3.70E+10
sec/hr = 3600
g/kg = 1.00E+03
eV/Mev = 1.00E+06
J/eV = 1.60E-19
rad/Gy = 100
ICDF Maximum ICDF Maximum
Allowable Activity | Allowable Activity | Disintegration ICDF Liner
Concentration Concentration Energy Absorbed Dose
Constituent (pCilL) (Ci/cm3) (MeV/dis) (Rads/hr)
Ac225 2.2E+07 2.19282E-08 5.832179811 7.61E+00
Ac227 1.6E+09 1.60601E-06 0.079631727 7.61E+00
Ac228 9.4E+07 9.43018E-08 1.356167107 7.61E+00
Ag108 2.0E+08 2.03876E-07 0.627288369 7.61E+00
Ag108m 7.8E+07 7.82796E-08 1.63374702 7.61E+00
Ag109m 1.5E+09 1.47066E-06 0.086960304 7.61E+00
Ag110 1.1E+08 1.05513E-07 1.212069842 7.61E+00
Ag110m 4.6E+07 4.55319E-08 2.808781272 7.61E+00
Am241 2.3E+07 2.3105E-08 5.5635129217 7.61E+00
Am242 6.7E+08 6.67823E-07 0.191501428 7.61E+00
Am242m 1.9E+09 1.94784E-06 0.065656838 7.61E+00
Am243 2.4E+07 2.39129E-08 5.348125195 7.61E+00
Am246 1.0E+08 1.0077E-07 1.269116692 7.61E+00
At217 1.8E+07 1.81E-08 7.065707158 7.61E+00
Ba137m 1.9E+08 1.93343E-07 0.661462561 7.61E+00
Be 10 6.3E+08 6.31551E-07 0.2025 7.61E+00
Bi210 3.3E+08 3.28764E-07 0.389 7.61E+00
Bi211 1.9E+07 1.93584E-08 6.606380966 7.61E+00
Bi214 5.9E+07 5.93826E-08 2.153646154 7.61E+00
Bk249 3.9E+09 3.87546E-06 0.03299967 7.61E+00
Bk250 1.1E+08 1.08372E-07 1.180096454 7.61E+00
Cd109 6.5E+09 6.51113E-06 0.019641609 7.61E+00
Cd113m 6.9E+08 6.89959E-07 0.185357358 7.61E+00
Ce141 5.2E+08 5.18446E-07 0.246677795 7.61E+00
Cel44 1.1E+09 1.14377E-06 0.111813852 7.61E+00
Cf249 2.1E+07 2.06215E-08 6.201740977 7.61E+00
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ICDF Maximum
Allowable Activity

ICDF Maximum
Allowable Activity

Disintegration

ICDF Liner

Concentration Concentration Energy Absorbed Dose
Constituent (pCilL) (Cilem®) (MeV/dis) (Rads/hr)
Cf250 2.1E+07 2.12255E-08 6.025256294 7.61E+00
Cf251 2.2E+07 2.15157E-08 5.94399266 7.61E+00
Cm241 7.5E+08 7.47015E-07 0.1712 7.61E+00
Cm242 2.1E+07 2.08953E-08 6.120469416 7.61E+00
Cm243 2.1E+07 2.10012E-08 6.089596726 7.61E+00
Cm244 2.2E+07 2.2033E-08 5.804428351 7.61E+00
Cm245 2.3E+07 2.32214E-08 5.507387757 7.61E+00
Cm246 2.4E+07 2.3758E-08 5.382991049 7.61E+00
Cm247 2.4E+07 2.42268E-08 5.278828648 7.61E+00
Cm248 2.7TE+07 2.74562E-08 4.657924475 7.61E+00
Co-57 8.9E+08 8.91938E-07 0.143383365 7.61E+00
Co-58 1.3E+08 1.30589E-07 0.979328243 7.61E+00
Co-60 4 9E+07 4.91578E-08 2.601603093 7.61E+00
Cr-51 3.5E+09 3.5337E-06 0.036191289 7.61E+00
Cs-134 7.4E+07 7.44797E-08 1.717100005 7.61E+00
Cs135 2.3E+09 2.27156E-06 0.0563 7.61E+00
Cs137 7.5E+08 7.48968E-07 0.1707536 7.61E+00
Eu150 4.4E+08 4.37976E-07 0.292 7.61E+00
Eu152 1.0E+08 1.00204E-07 1.276280952 7.61E+00
Eu154 8.4E+07 8.37567E-08 1.526910861 7.61E+00
Eu155 1.0E+09 1.04509E-06 0.122371015 7.61E+00
Fe-59 9.8E+07 9.79309E-08 1.30591073 7.61E+00
Fr221 2.0E+07 2E-08 6.394459322 7.61E+00
Fr223 2.9E+08 2.94183E-07 0.434726751 7.61E+00
Gd153 8.4E+08 8.39442E-07 0.15235 7.61E+00
H 3 2.2E+10 2.24959E-05 0.005685 7.61E+00
Ho166m 7.3E+07 7.34449E-08 1.741292443 7.61E+00
In114 1.6E+08 1.5914E-07 0.803627157 7.61E+00
In114m 5.3E+08 5.34236E-07 0.239386934 7.61E+00
In115 8.4E+08 8.41375E-07 0.152 7.61E+00
K-40 2.1E+08 2.09528E-07 0.610365806 7.61E+00
La140 4 5E+07 4.48906E-08 2.848903435 7.61E+00
Mn-54 1.5E+08 1.52281E-07 0.839824907 7.61E+00
Nb92 8.5E+07 8.46967E-08 1.509964777 7.61E+00
Nb93m 4.2E+09 4.,22739E-06 0.030252491 7.61E+00
Nb94 7.4E+07 7.43255E-08 1.720660307 7.61E+00
Nb95m 5.2E+08 5.182E-07 0.24679489 7.61E+00
Nd144 6.7E+07 6.731E-08 1.9 7.61E+00
Np236 3.7E+08 3.74982E-07 0.341053651 7.61E+00
Np239 3.1E+08 3.0787E-07 0.415400022 7.61E+00
Np240m 1.3E+08 1.34777E-07 0.948896841 7.61E+00
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ICDF Maximum
Allowable Activity

ICDF Maximum
Allowable Activity

Disintegration

ICDF Liner

Concentration Concentration Energy Absorbed Dose

Constituent (pCilL) (Cilem®) (MeV/dis) (Rads/hr)
Pa231 2.3E+07 2.34508E-08 5.453502195 7.61E+00
Pa233 3.1E+08 3.12304E-07 0.409501364 7.61E+00
Pa234 5.2E+07 5.19138E-08 2.463486522 7.61E+00
Pa234m 1.5E+08 1.53191E-07 0.834833438 7.61E+00
Pb209 6.5E+08 6.47212E-07 0.1976 7.61E+00
Pb210 3.3E+09 3.28775E-06 0.038898656 7.61E+00
Pb212 4.0E+08 3.98103E-07 0.321245808 7.61E+00
Pb214 2.4E+08 2.37504E-07 0.538471991 7.61E+00
Pd107 3.9E+09 3.8636E-06 0.033101 7.61E+00
Pm146 1.5E+08 1.50311E-07 0.850831344 7.61E+00
Pm147 2.1E+09 2.06401E-06 0.061961344 7.61E+00
Pm148 9.8E+07 9.83065E-08 1.30092091 7.61E+00
Pm148m 5.9E+07 5.93369E-08 2.155301698 7.61E+00
Po210 2.4E+07 2.41095E-08 5.304505553 7.61E+00
Po211 1.7E+07 1.71656E-08 7.450314354 7.61E+00
Po212 1.5E+07 1.45578E-08 8.7849 7.61E+00
Po213 1.5E+07 1.52667E-08 8.376999781 7.61E+00
Po214 1.7E+07 1.66369E-08 7.687067933 7.61E+00
Po215 1.7E+07 1.73143E-08 7.38630707 7.61E+00
Po216 1.9E+07 1.88669E-08 6.778486648 7.61E+00
Po218 2.1E+07 2.13102E-08 6.001296466 7.61E+00
Pr144 1.0E+08 9.96007E-08 1.284017776 7.61E+00
Pr144m 1.1E+10 1.07948E-05 0.01184728 7.61E+00
Pu236 2.2E+07 2.21579E-08 5.771712409 7.61E+00
Pu237 2.1E+09 2.05474E-06 0.062241073 7.61E+00
Pu238 2.3E+07 2.32653E-08 5.496995126 7.61E+00
Pu239 2.5E+07 2.48158E-08 5.153526936 7.61E+00
Pu240 2.5E+07 2.47641E-08 5.164286359 7.61E+00
Pu241 2.4E+10 2.44535E-05 0.005229895 7.61E+00
Pu242 2.6E+07 2.59776E-08 4.923056772 7.61E+00
Pu243 6.6E+08 6.55155E-07 0.195204338 7.61E+00
Pu244 2.8E+07 2.78131E-08 4.598152374 7.61E+00
Pu246 8.3E+08 8.27667E-07 0.154517541 7.61E+00
Ra222 2.0E+07 1.95145E-08 6.553547823 7.61E+00
Ra224 2.2E+07 2.24876E-08 5.687100654 7.61E+00
Ra225 1.1E+09 1.07266E-06 0.119225863 7.61E+00
Ra226 2.7E+07 2.67009E-08 4.789685685 7.61E+00
Ra228 1.1E+10 1.10554E-05 0.011568007 7.61E+00
Rb87 1.6E+09 1.62296E-06 0.0788 7.61E+00
Rh102 1.6E+09 1.60262E-06 0.0798 7.61E+00
Rh103m 3.3E+09 3.29095E-06 0.038860869 7.61E+00
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ICDF Maximum ICDF Maximum
Allowable Activity | Allowable Activity | Disintegration ICDF Liner
Concentration Concentration Energy Absorbed Dose

Constituent (pCilL) (Cilcm®) (MeV/dis) (Rads/hr)
Rh106 7.9E+07 7.89747E-08 1.61936774 7.61E+00
Rn218 1.8E+07 1.79292E-08 7.132996084 7.61E+00
Rn219 1.9E+07 1.87184E-08 6.832252476 7.61E+00
Rn220 2.0E+07 2.03376E-08 6.288297183 7.61E+00
Rn222 2.3E+07 2.32966E-08 5.48961137 7.61E+00
Ru103 2.3E+08 2.31026E-07 0.553570714 7.61E+00
Ru106 3.2E+09 3.24583E-06 0.039401 7.61E+00
Sb124 5.7E+07 5.68644E-08 2.249015659 7.61E+00
Sb125 2.4E+08 2.41207E-07 0.530203897 7.61E+00
Sb126 4.2E+07 4.18972E-08 3.052446696 7.61E+00
Sc-46 6.0E+07 6.0283E-08 2.121478487 7.61E+00
Se 79 2.4E+09 2.44998E-06 0.0522 7.61E+00
Sm146 5.1E+07 5.0549E-08 2.53 7.61E+00
Sm147 5.7E+07 5.69003E-08 2.2476 7.61E+00
Sm148 6.4E+07 6.42658E-08 1.99 7.61E+00
Sm151 6.5E+09 6.46392E-06 0.019785044 7.61E+00
Sn119m 6.5E+09 6.46392E-06 0.019785044 7.61E+00
Sn121m 1.5E+09 1.46829E-06 0.087100885 7.61E+00
Sn123 4.2E+10 4.20688E-05 0.00304 7.61E+00
Sn126 2.4E+08 2.4248E-07 0.527419926 7.61E+00
Sr89 3.6E+08 3.56646E-07 0.358587622 7.61E+00
Sr90 2.2E+08 2.19335E-07 0.583077055 7.61E+00
Tb160 2.3E+08 2.34229E-07 0.546 7.61E+00
Tc 98 9.5E+07 9.4532E-08 1.352864583 7.61E+00
Tc 99 8.4E+07 8.43962E-08 1.515340293 7.61E+00
Tel123 1.5E+09 1.51168E-06 0.084600538 7.61E+00
Te123m 7.5E+09 7.49405E-06 0.017065401 7.61E+00
Tel127 8.0E+08 8.02321E-07 0.159398912 7.61E+00
Tel127m 1.4E+09 1.40818E-06 0.090818471 7.61E+00
Tel129 1.4E+09 1.40818E-06 0.090818471 7.61E+00
Th226 4.1E+08 4.14391E-07 0.308619356 7.61E+00
Th227 2.0E+07 2.01851E-08 6.335815362 7.61E+00
Th228 2.1E+07 2.1137E-08 6.050478496 7.61E+00
Th229 2.4E+07 2.35897E-08 5.421384523 7.61E+00
Th230 2.5E+07 2.52911E-08 5.056687752 7.61E+00
Th231 2.7E+07 2.72622E-08 4.691076245 7.61E+00
Th232 7.2E+08 7.166E-07 0.178466304 7.61E+00
Th234 3.2E+07 3.18399E-08 4.016629793 7.61E+00
T1207 1.9E+09 1.92105E-06 0.066572433 7.61E+00
T1208 2.6E+08 2.5814E-07 0.495424523 7.61E+00
TI1209 3.2E+07 3.23067E-08 3.958587853 7.61E+00




431.02 ENGINEERING DESIGN FILE EDF-ER-278
01/30/2003 Revision 2
Rev. 11 Page 60 of 129
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Allowable Activity | Allowable Activity | Disintegration ICDF Liner
Concentration Concentration Energy Absorbed Dose
Constituent (pCilL) (Cilcms) (MeV/dis) (Rads/hr)
Tm170 3.2E+07 3.2202E-08 3.971465102 7.61E+00
Tm171 3.8E+08 3.82049E-07 0.334745144 7.61E+00
U232 4.9E+09 4.87805E-06 0.026217219 7.61E+00
U233 2.4E+07 2.40273E-08 5.322659468 7.61E+00
U234 2.7E+07 2.65487E-08 4.817156054 7.61E+00
U235 2.7TE+07 2.67786E-08 4775799161 7.61E+00
U236 2.8E+07 2.79598E-08 4,574037438 7.61E+00
U238 2.8E+07 2.83979E-08 4.503460262 7.61E+00
U240 3.0E+07 3.04227E-08 4.203736541 7.61E+00
Xe127 8.0E+08 7.98393E-07 0.160183041 7.61E+00
Xe131m 4.1E+08 4.1371E-07 0.309126983 7.61E+00
Y90 7.9E+08 7.87742E-07 0.162348865 7.61E+00
Zn65 1.3E+08 1.31865E-07 0.969846036 7.61E+00
Zr93 2.2E+08 2.17376E-07 0.588330261 7.61E+00
Zr95 6.6E+09 6.55841E-06 0.0195 7.61E+00
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Appendix B-4

Geomembrane Maximum Allowable Dose
in the Evaporation Pond
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Description: Back calculation of maximum allowable concentration for each distinct Parameter for the

evaporation ponds
Project #: 2470178
Prepared by: B.G. Adams
Date: 12/5/01

Checked by: J. Pellicer
Date: 12/7/01

VARIABLES

Liner Thickness = 60

Liner density = 0.94
Depth of leachate = 36

CONVERSIONS

pCi/Ci = 1.00E+12

mils
glcm®
cm

15 yr Dose = 1,000,000 cm’/l = 1000
Daily Dose = 182.6484018 cm/mil = 2.54E-03
Dose Rad/hr = 7.610350076 (dis/s)/Ci= 3.70E+10
sec/hr = 3600

g/kg = 1.00E+03

eV/Mev = 1.00E+06

J/ieV = 1.60E-19

rad/Gy = 100
ICDF Maximum ICDF Maximum Dissintegration
Activity Activity Concentration Energy ICDF Liner Radiation
Constituent | Concentration (pCi/l) (Cilem®) (MeV/dis) Dose (Rads/hr)

Ac225 2 4E+06 2. 43646E-09 5832179811 7 61E+00
Ac227 1.8E+08 1.78445E-07 0.079631727 7 61E+00
Ac228 1.0E+07 1.0478E-08 1.356167107 7.61E+00
Ag108 2.3E+07 2.26529E-08 0.627288369 7.61E+00
Ag108m 8.7E+06 8.69773E-09 1.63374702 7.61E+00
Ag109m 1.6E+08 1.63407E-07 0.086960304 7.61E+00
Ag110 1.2E+07 1.17237E-08 1.212069842 7.61E+00
Ag110m 5.1E+06 5.05909E-09 2.808781272 7.61E+00
Am?241 2.6E+06 2.56722E-09 5.535129217 7.61E+00
Am242 7.4E+07 7.42025E-08 0.191501428 7.61E+00
Am242m 2.2E+08 2.16427E-07 0.065656838 7.61E+00
Am243 2.7E+06 2.65699E-09 5.348125195 7.61E+00
Am246 1.1E+07 1.11967E-08 1.269116692 7.61E+00
At217 2.0E+06 2.01111E-09 7.065707158 7.61E+00
Ba137m 2.1E+07 2.14825E-08 0.661462561 7.61E+00
Be 10 7.0E+07 7.01723E-08 0.2025 7.61E+00
Bi210 3.7E+Q7 3.65293E-08 0.389 7.61E+00
Bi211 2.2E+06 2.15093E-09 6.606380966 7.61E+00
Bi214 6.6E+06 6.59806E-09 2.153646154 7.61E+00
Bk249 4.3E+08 4.30607E-07 0.03299967 7.61E+00
Bk250 1.2E+07 1.20413E-08 1.180096454 7.61E+00
Cd109 7.2E+08 7.23459E-07 0.019641609 7.61E+00
Cd113m 7.7E+Q7 7.66621E-08 0.185357358 7.61E+00
Cel141 5.8E+07 5.76051E-08 0.246677795 7.61E+00
Cel144 1.3E+08 1.27085E-07 0.111813852 7.61E+00
Cf249 2.3E+06 2.29127E-09 6.201740977 7.61E+00
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Cf250 2.4E+06 2.35839E-09 6.025256294 7.61E+00
Cf251 2.4E+06 2.39063E-09 5.94399266 7.61E+00
Cm241 8.3E+07 8.30017E-08 0.1712 7.61E+00
Cm242 2.3E+06 2.3217E-09 6.120469416 7.61E+00
Cm243 2.3E+06 2.33347E-09 6.089596726 7.61E+00
Cm244 2.4E+06 2.44811E-09 5.804428351 7.61E+00
Cm245 2.6E+06 2.58015E-09 5.507387757 7.61E+00
Cm246 2.6E+06 2.63978E-09 5.382991049 7.61E+00
Cm247 2.7E+06 2.69186E-09 5.278828648 7.61E+00
Cm248 3.1E+06 3.05069E-09 4.657924475 7.61E+00
Co-57 9.9E+07 9.91042E-08 0.143383365 7.61E+00
Co-58 1.5E+07 1.45098E-08 0.979328243 7.61E+00
Co-60 5.5E+06 5.46197E-09 2.601603093 7.61E+00
Cr-51 3.9E+08 3.92633E-07 0.036191289 7.61E+00
Cs-134 8.3E+06 8.27552E-09 1.717100005 7.61E+00
Cs135 2.5E+08 2.52396E-07 0.0563 7.61E+00
Cs137 8.3E+07 8.32187E-08 0.1707536 7.61E+00
Eu150 4.9E+07 4.8664E-08 0.292 7.61E+00
Eu152 1.1E+07 1.11338E-08 1.276280952 7.61E+00
Eu154 9.3E+06 9.3063E-09 1.526910861 7.61E+00
Eu155 1.2E+08 1.16121E-07 0.122371015 7.61E+00
Fe-59 1.1E+07 1.08812E-08 1.30591073 7.61E+00
Fr221 2.2E+06 2.22222E-09 6.394459322 7.61E+00
Fr223 3.3E+07 3.26869E-08 0.434726751 7.61E+00
Gd153 9.3E+07 9.32714E-08 0.15235 7.61E+00
H 3 2.5E+09 2.49954E-06 0.005685 7.61E+00
Ho166m 8.2E+06 8.16054E-09 1.741292443 7.61E+00
In114 1.8E+07 1.76822E-08 0.803627157 7.61E+00
In114m 5.9E+07 5.93595E-08 0.239386934 7.61E+00
In115 9.3E+07 9.34861E-08 0.152 7.61E+00
K-40 2.3E+07 2.32809E-08 0.610365806 7.61E+00
La140 5.0E+06 4.98785E-09 2.848903435 7.61E+00
Mn-54 1.7E+07 1.69201E-08 0.839824907 7.61E+00
Nb92 9.4E+06 9.41074E-09 1.509964777 7.61E+00
Nb93m 4.7E+08 4.6971E-07 0.030252491 7.61E+00
Nb94 8.3E+06 8.25839E-09 1.720660307 7.61E+00
Nb95m 5.8E+07 5.75777E-08 0.24679489 7.61E+00
Nd144 7.5E+06 7.47889E-09 1.9 7.61E+00
Np236 4.2E+07 4.16647E-08 0.341053651 7.61E+00
Np239 3.4E+07 3.42077E-08 0.415400022 7.61E+00
Np240m 1.5E+07 1.49752E-08 0.948896841 7.61E+00
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Pa231 2.6E+06 2.60565E-09 5.453502195 7.61E+00
Pa233 3.5E+07 3.47005E-08 0.409501364 7.61E+00
Pa234 5.8E+06 5.7682E-09 2.463486522 7.61E+00
Pa234m 1.7E+07 1.70212E-08 0.834833438 7.61E+00
Pb209 7.2E+07 7.19124E-08 0.1976 7.61E+00
Pb210 3.7E+08 3.65305E-07 0.038898656 7.61E+00
Pb212 4.4E+07 4.42337E-08 0.321245808 7.61E+00
Pb214 2.6E+07 2.63893E-08 0.538471991 7.61E+00
Pd107 4.3E+08 4.29289E-07 0.033101 7.61E+00
Pm146 1.7E+07 1.67012E-08 0.850831344 7.61E+00
Pm147 2.3E+08 2.29335E-07 0.061961344 7.61E+00
Pm148 1.1E+07 1.09229E-08 1.30092091 7.61E+00
Pm148m 6.6E+06 6.59299E-09 2.155301698 7.61E+00
Po210 2.7E+06 2.67883E-09 5.304505553 7.61E+00
Po211 1.9E+06 1.90729E-09 7.450314354 7.61E+00
Po212 1.6E+06 1.61754E-09 8.7849 7.61E+00
Po213 1.7E+06 1.6963E-09 8.376999781 7.61E+00
Po214 1.8E+06 1.84855E-09 7.687067933 7.61E+00
Po215 1.9E+06 1.92382E-09 7.38630707 7.61E+00
Po216 2.1E+06 2.09632E-09 6.778486648 7.61E+00
Po218 2.4E+06 2.3678E-09 6.001296466 7.61E+00
Pr144 1.1E+07 1.10667E-08 1.284017776 7.61E+00
Pr144m 1.2E+09 1.19942E-06 0.01184728 7.61E+00
Pu236 2.5E+06 2.46199E-09 5.771712409 7.61E+00
Pu237 2.3E+08 2.28304E-07 0.062241073 7.61E+00
Pu238 2.6E+06 2.58503E-09 5.496995126 7.61E+00
Pu239 2.8E+06 2.75731E-09 5.153526936 7.61E+00
Pu240 2.8E+06 2.75157E-09 5.164286359 7.61E+00
Pu241 2.7E+09 2.71705E-06 0.005229895 7.61E+00
Pu242 2.9E+06 2.8864E-09 4.923056772 7.61E+00
Pu243 7.3E+07 7.2795E-08 0.195204338 7.61E+00
Pu244 3.1E+06 3.09035E-09 4.598152374 7.61E+00
Pu246 9.2E+07 9.1963E-08 0.154517541 7.61E+00
Ra222 2.2E+06 2.16827E-09 6.553547823 7.61E+00
Ra224 2.5E+06 2.49862E-09 5.687100654 7.61E+00
Ra225 1.2E+08 1.19185E-07 0.119225863 7.61E+00
Ra226 3.0E+06 2.96677E-09 4.789685685 7.61E+00
Ra228 1.2E+09 1.22838E-06 0.011568007 7.61E+00
Rb87 1.8E+08 1.80329E-07 0.0788 7.61E+00
Rh102 1.8E+08 1.78069E-07 0.0798 7.61E+00
Rh103m 3.7E+08 3.65661E-07 0.038860869 7.61E+00
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Rh106 8.8E+06 8.77496E-09 1.61936774 7.61E+00
Rn218 2.0E+06 1.99213E-09 7.132996084 7.61E+00
Rn219 2.1E+06 2.07983E-09 6.832252476 7.61E+00
Rn220 2.3E+06 2.25974E-09 6.288297183 7.61E+00
Rn222 2.6E+06 2.58851E-09 5.48961137 7.61E+00
Ru103 2.6E+07 2.56695E-08 0.553570714 7.61E+00
Ru106 3.6E+08 3.60648E-07 0.039401 7.61E+00
Sbh124 6.3E+06 6.31827E-09 2.249015659 7.61E+00
Sb125 2.7E+07 2.68008E-08 0.530203897 7.61E+00
Sb126 4.7E+06 4.65525E-09 3.052446696 7.61E+00
Sc-46 6.7E+06 6.69811E-09 2.121478487 7.61E+00
Se 79 2.7E+08 2.7222E-07 0.0522 7.61E+00
Sm146 5.6E+06 5.61656E-09 2.53 7.61E+00
Sm147 6.3E+06 6.32225E-09 2.2476 7.61E+00
Sm148 7.1E+06 7.14065E-09 1.99 7.61E+00
Sm151 7.2E+08 7.18214E-07 0.019785044 7.61E+00
Sn119m 7.2E+08 7.18214E-07 0.019785044 7.61E+00
Sn121m 1.6E+08 1.63143E-07 0.087100885 7.61E+00
Sn123 4.7E+09 4.67431E-06 0.00304 7.61E+00
Sn126 2.7E+07 2.69423E-08 0.527419926 7.61E+00
Sr89 4.0E+07 3.96274E-08 0.358587622 7.61E+00
Sr90 2.4E+07 2.43705E-08 0.583077055 7.61E+00
Tb160 2.6E+07 2.60254E-08 0.546 7.61E+00
Tc 98 1.1E+07 1.05036E-08 1.352864583 7.61E+00
Tc 99 9.4E+06 9.37736E-09 1.515340293 7.61E+00
Te123 1.7E+08 1.67965E-07 0.084600538 7.61E+00
Te123m 8.3E+08 8.32673E-07 0.017065401 7.61E+00
Tel127 8.9E+07 8.91467E-08 0.159398912 7.61E+00
Tel127m 6.2E+07 6.23836E-08 0.227782297 7.61E+00
Te129 1.6E+08 1.56465E-07 0.090818471 7.61E+00
Th226 4.6E+07 4.60434E-08 0.308619356 7.61E+00
Th227 2.2E+06 2.24279E-09 6.335815362 7.61E+00
Th228 2.3E+06 2.34856E-09 6.050478496 7.61E+00
Th229 2.6E+06 2.62108E-09 5.421384523 7.61E+00
Th230 2.8E+06 2.81012E-09 5.056687752 7.61E+00
Th231 3.0E+06 3.02913E-09 4.691076245 7.61E+00
Th232 8.0E+07 7.96223E-08 0.178466304 7.61E+00
Th234 3.5E+06 3.53776E-09 4.016629793 7.61E+00
TI207 2.1E+08 2.1345E-07 0.066572433 7.61E+00
TI208 2.9E+07 2.86823E-08 0.495424523 7.61E+00
TI209 3.6E+06 3.58964E-09 3.958587853 7.61E+00
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Tm170 3.6E+06 3.578E-09 3.971465102 7.61E+00
Tm171 4.2E+07 4.24499E-08 0.334745144 7.61E+00
U232 5.4E+08 5.42006E-07 0.026217219 7.61E+00
U233 2.7E+06 2.6697E-09 5.322659468 7.61E+00
U234 2.9E+06 2.94985E-09 4.817156054 7.61E+00
U235 3.0E+06 2.9754E-09 4.775799161 7.61E+00
U236 3.1E+06 3.10664E-09 4.574037438 7.61E+00
U238 3.2E+06 3.15533E-09 4.503460262 7.61E+00
U240 3.4E+06 3.3803E-09 4.203736541 7.61E+00
Xel127 8.9E+07 8.87103E-08 0.160183041 7.61E+00
Xe131m 4.6E+07 4.59678E-08 0.309126983 7.61E+00
Y90 8.8E+07 8.75269E-08 0.162348865 7.61E+00
Zn65 2.3E+07 2.34524E-08 0.605903 7.61E+00
Zr93 2.4E+07 2.41529E-08 0.588330261 7.61E+00
Zr95 7.3E+08 7.28712E-07 0.0195 7.61E+00
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Appendix C

Manufacturers Maximum Constituent Concentration
Data for HDPE Geomembrane
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HDPE Liner Manufacturer’s Compatibility Data

LINER COMPATIBILITY

1. Identify the manufacturer and the type of liner that will be used in the landfill which will contain the
form R wastes.

MANUFACTURER:  GSE Lining Technology, Inc.

LINER TYPE: 60 mil HDPE
2. Describe how the following types of chemicals will affect the liner to be used to contain the form R
waste:

aromatic halogenated hydrocarbons - SEE ATTACHED SHEET
aliphatic halogenated hydrocarbons - SEE ATTACHED SHEET
aromatic hydrocarbons - SEE ATTACHED SHEET

aliphatic hydrocarbons - SEE ATTACHED SHEET

volatile and semi-volatile organics - SEE ATTACHED SHEET

oil and grease - SEE ATTACHED SHEET

strong oxidizers - GENERALLY NO SIGNIFICANT EFFECT
acids - GENERALLY NO SIGNIFICANT EFFECT

bases - GENERALLY NO SIGNIFICANT EFFECT

dissolved metals, salts and nutrients - GENERALLY NO EFFECT

3. Give an aceceptable compatibility limit for each of the compounds on the following pages and
certificate liner manufacturer:

Signature of Liner Manufacturer:

Matthew W. Adams
Technical Support Chemist

Date

FORM-R/PAGE |
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Aromatic Halogenated Hvdrocarbons

Aromatic Halogenated Hydrocarbons tend to be absorbed into polyethylene over long periods of time where they
may function as a plasticizer. As a result, the polyethylenc may swell and become softer and more elastic. These
effects are generally reversible if the exposure is terminated.

Since polyethylene consists of a range of molecular weight molecules and somewhat different branching
arrangements, some lower density polyethylenes may contain fractions that are extractable. Some types of chemical
stabilizers and processing aids may also be extractable.

These above noted effects increase with increasing temperature. Softening. swelling and increased elasticity may

rapidly reduce the usefulness of polyethylene as a structural component such as for use as a pressure pipe.
Generally, these effects do not seriously affect the performance of polyethylene as a containment membrane.

GSE HyperFlex® polyethylene geomembranes are manufactured from a narrow molecular weight range resin
designed to minimize the possibility of extractable fractions and maximize the resistance to stress cracking.

Aliphatic Halogenated Hydrocarbons

Similar effects as for Aromatic Halogenated Hydrocarbons but generally less severe. Some materials have little or
no effect.

Aromatic Hydrocarbons

Again similar to Aromatic Halogenated Hydrocarbons but generally less severe. Many materials have no significant
effect.

Aliphatic Hydrocarbons

Again similar, but with further reductions of general severity. Most materials have no significant effect.
Volatile and Semivolatile Organics

These are mostly covered by the previously noted comments about hydrocarbons.

Qil and Grease

Mineral, vegetable and animal oils, fats or grease generally have no significant effect.

Strong Oxidizers - Generally no significant effect.

Acids - Generally no significant effect.

Dissolved Metals, Salts and Nutrients - Generally no effect.

FORM-R/PAGE 2
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LINER COMPATABILITY
PARAMETER PARAMETER MANUFACTURER’S
CLASSIFICATION LINER/LEACHATE LIMIT
mg/1
Aromatic polychlorinated biphenyl ( 2000 )
Halogenated aldrin ( 2000 )
Hydrocarbons dichlorobenzene ( 2000 )
hexachlorobenzene ( 2000 )
pentachlorobenzene ( 2000 )
trichlorobeuzene ( 2000 )
tetrachlorobenzene ( 2000 )
2-chloronaphthalene ( 2000 )
chloronaphthalene ( 2000 )
chlorobenzene ( 2000 )
4,4-DDT ( 2000 )
4,4-DDE ( 2000 )
4,4-DDD ( 2000 )
Aliphatic bromoform ( 2000 )
Halogenated carbon tetrachloride ( 2000 )
Hydrocarbons chlorodibromomethane ( 2000 )
chloroethane ( 2000 )
chloroform ( 2000 )
dichlorobromomethane ( 2000 )
dichlorodifluoromethane ( 2000 )
dichloroethane ( 2000 )
dichloropropane ( 2000 )
dichloroethene ( 2000 )
ethylene chloride ( 2000 )
ethylene dichloride ( 2000 )
hexachloroethane ( 2000 )
methyl bromide ( 2000 )
methyl chloride ( 2000 )
methylene chloride ( 2000 )
tetrachloroethane ( 2000 )
tetrachloroethene ( 2000 )
trichloroethane ( 2000 )
trichloroethene ( 2000 )
trichlorofluoromethane ( 2000 )
vinyl chloride ( 2000 )

TEMPERATURE 70 °F

FORM-R/PAGE 3
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LINER COMPATABILITY
PARAMETER PARAMETER MANUFACTURER’S
CLASSIFICATION LINER/LEACHATE LIMIT
mg/1
Aromatic acenapthene ( 2000 )
Hydrocarbons acenaphthylene ( 2000 )
anthracene ( 2000 )
benzene ( 2000 )
benzo(a)anthracene ( 2000 )
bencu(a)pyrenc ( 2000 )
benzo(g,h,i)perylene ( 2000 )
benzo(k)fluoranthene ( 2000 )
3,4-benzoflouranthene { 2000 )
chrysene ( 2000 )
dibenzo(a,h)anthracene ( 2000 )
ethyl benzene ( 2000 )
flouranthene ( 2000 )
flourene ( 2000 )
ideno(1,2,3,c,d)pyrene ( 2000 )
naphthalene ( 2000 )
phenanthrene ( 2000 )
pyrene ( 2000 )
styrene ( 5000 )
toluene ( 5000 )
xylene ( 5000 )]
Aliphatic heptane ( 500,000 )
Hydrocarbons hexane ( 500,000 )
octane ( 500,000 )

TEMPERATURE 70 °F

FORM-R/PAGE 4
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FORM R
LINER COMPATABILITY
PARAMETER PARAMETER MANUFACTURER’S
CLASSIFICATION LINER/LEACHATE LIMIT
mg/1
Volatile & acrolein ( 200,000 )
Semivolatile acrylonitrile ( 200,000 )
Organics acetone ( 200,000 )
amyl acetate ( 200,000 )
benzidine ( 200,000 )
butyl alculivl ( 500,000 )
bis(2-chloroethoxy)methane ( 2,000 )
bis(2-chloroethosy)ether ( 2,000 )
bis(2-chloroisopropy)ether { 2,000 )
bis(2-etylhexyl)pththalate ( 2,000 )
4-bromophenyl phenyl ether ( 2,000 )
butyl benzyl phthalate ( 200,000 )
cresol ( 100,000 )
chlordane ( 2,000 )
alpha-BHC ( 2,000 )
beta-BHC ( 2,000 )
gamma-BHC ( 2,000 )
delta-BHC ( 2,000 )
dieldrin ( 2,000 )
dichlorobenzidine ( 2,000 )
diethy] phthalate ( 100,000 )
dibutyl phthalate ( 100,000 )
dimethyl phthalate ( 100,000 )
isobutyl alchohol ( 500,000 )
isopropyl alcohol ( 500,000 )
methyl alcohol { 500,000 )
2-chloroethyl vinyl ether ( 2,000 )
2-chlorophenol ( 2,000 )
dichlorophenol { 2,000 )
dimethy] phenol ( 2,000 )
dinitro-o-cresol ( 2,000 )
dinitrophenol ( 2,000 )
dinitrotoluene ( 2,000 )
diphenylhydrazine ( 2,000 )
ethyl acetate ( 100,000 )
ethyl ether ( 2,000 )
ethyl glycol ( 500,000 3}
endosulfan ( 2,000 )
endrin ( 2,000 )
formaldehyde ( 200,000 )
heptachlor ( 2,000 )]
hexachlorocyclopentadiene ( 2,000 )
hexachlorobutadiene ( 2,000 }
isophorone ( 2,000 }
methyl ethyl ketone ( 200,000 )
TEMPERATURE 70 °F

FORM-R/PAGE 35
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LINER COMPATABILITY
PARAMETER PARAMETER MANUFACTURER’S
CLASSIFICATION LINER/LEACHATE LIMIT
mg/1
Volatile & methyl isobutyl ketone ( 500,000 )
Semivolotile nitrophenol ( 100,000 )
Organics N-nitrosodimethylamine ( 100,000 )
(cont.) N-nitrosodi-n-propylamine ( 100,000 )
nitrobenzene ( 100,000 )
pentachlorophenol ( 100,000 )
phenol ( 100,000 )]
pyridine ( 100,000 )
toxaphene ( 100,000 )
trichlorophenol { 100,000 )
2,4,5-TP(silvex) ( ? )

TEMPERATURE 70 °F

FORM-R/PAGE 6
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LINER COMPATABILITY
PARAMETER PARAMETER MANUFACTURER’S
CLASSIFICATION LINER/LEACHATE LIMIT
mg/1
Acids & acetic acid ( 500,000 )
Bases chromic acid ( 100,000 )
citric acid ( 500,000 )
hydrobromic acid ( 100,000 )
hydrochloric acid ( 350,000 }
hydrocyanic acid ( 100,000 }
hydrofluoric acid ( 750,000 )
nitric acid ( 500,000 )
picric acid ( 500,000 )
phosphoric acid ( 500,000 )
perchloric acid ( 500,000 )
sulfuric acid ( 500,000 )
potassium hydroxide ( 500,000 )
sodium hydroxide ( 500,000 )
Products & antifreeze ( 500,000 )
Various asphalt ( 500,000 )
Substances cresols ( 100,000 )
crude oil ( 500,000 )
diesel fuel ( 500,000 )
fatty acids ( 500,000 )
freon ( 500,000 )
tuel oil ( 500,000 }
gasoline ( 500,000 )
hydraulic oil ( 500,000 )
kerosene ( 500,000 )
lacquers ( 500,000 )
lubricating oil ( 500,000 )
mineral spirits ( 500,000 )
naphtha ( 500,000 )
paraffin ( 500,000 )
transformer oil ( 500,000 )
Miscellaneous pH ( 0.5-13.0 pH unit )
strong oxidizers* ( 1000-500,000 )
metals, salts, nutrients ( 500,000 )

*potassium permaganate, potassium dichromate, chlorine, peroxides

TEMPERATURE 70 °F

FORM-R/PAGE 7
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Chemical »Résisinnce

For environmental lining solutions...the world comes to GSE.®

GSE is the world's leading supplier of high quality, polyethylene geomembranes. GSE polyethylene geomembranes ore resistont 1o o
great number and combinations of chemicals. Note that the effect of chemicals on ony material is influenced by o nimber of variable
factors such as temperature, concentration, exposed areo and duration. Many tests have been performed that use geomembranes and
cerigin specific chemical mixures. Naturally, however, every mixture of chemicals cannot be tesied for, and various criteria may be

used fo judge performance. Reported performancs ratings may not apply to off applicofions of o given material in the same chemical.
Therefore, these ratings are offered.as a guide only.

Abbreviations
Sosocery hekelacory ﬁd"w mshu- -
§ o= o U = Uoetie = tagomows oivion Setwrolion
U= e pphcion porsbl e Mt ek &al.nﬂldw
oSl conC. == Crsiomory servics convaniralien
Resistonce ot Rasistonce o
Wedion Concontration 20 &8°C Wodiom Concamration 24°C 80 °C
- “sn 40N 3 s h (400
A “Carbon monaxide 160% s 3
Acetic acid 100% S L - Chloeacetic acid sol. s s
ic acid 10% s s Cazbon teteachiodide 100% L u
Acetic ackd anbrydride 100% $ i Chiorine, aqueous solution st 30k, L U
Acctone - 100% L L Chiorine, gascons dry 100% i U
Adipic acid saf. sol. s 5 x 100% 7] Y]
- Allyl alcohol $6% s ] Charoaiic acid o] 3 L
i chloride sat. sol. - s 5 Chromic acid 50% s i
Ahzeningo floocide sat sol. s 5 Citric acid sat, s0d. s 5
Aluminum sulfate sat sol 5 s Copper chloride sat. soi. S S
‘Alwn sol. 5 s Coppex nitrsiz sat_ sol. .S 5
Avtroeds, sopweone 4 eol 8 s Copper snifate zae. sk 8 8
Ammonis, dry 100% b 5 Cresylic acid su sol. L o
; Anmom,m“ 100% s 3 Cyclohexanot 100% s s
Ammonivm chloride sat. sol. s s Cyclohexanooe 100% s L
Amnwouisn foodde sol. S s o .
Ammonism nilxate sat. 3ol s s 100% s L
Ammonivm sulfste sat. 5ol S s ME ydronaphttaleoe sol. H s
Anmnoniuih selfide 5 8 Dietnyl ether T + h
Ayl acctate 100% s L ¢ 100%, I L
Ayl aloohol 100% 3 L Dioxane 100% s s
Antirony trichloride 90% 3 3 B
; Byl acotate 0% g U
Barium carboear: st sol. 3 s Eiykene wictiorde 100% u U
Barium chloride sat. 0. $ s F .
Barkom hydroxide sat. s0L 3 S Femic chioride sat. sol. H 5
Badium sulfate a1 sob. 3 5 Ferric nitrate ol S ]
Renzaldehyde 1 3 st
e b BEEORF L
Borax (sodium tetraborate) sat. sol. - Forima
 asems Ton v v Formie 2 S8 100% : s
Bromine, 1 Sormic acid
B ine, hauid o 100% U v Purfaryl slcobol S L
Butane, gaseons 100% - 8 s G .
1-Butanol 100% 5 $ Gasoline - s L
Butyric acid 100% 5 L Glacial acetic acid 6% 5 L
Glaooss. ] sat. 30l 5 s
Calciuzn carhonate sat. sol, N s Glycerine 0% S S
Calciam chiorpte sat. sol s s Glyeol sol. s s
Calcium uinaic s Hepane © 100% ] y
Caleinm sulfste sab. sol. s s N
Calcium di&):!‘ % I§ Hydrobeomic acid 50% s s
Carbon dioxide, dry i -
Fheont 100% L u (CONTINUED ON OTHER SIDE)
{S) Satistactory: Liner ‘ al iy N 10 the ghven reagent ot the given o qud temp No mechanical or chemionl degradasion is observed,
a.)wamrm Lintrmaufuﬂyrzjkamwck Factors such as 3 ? aand jemmy directly affect liner performance against the
given medic. A, ihle under less severe conditions, €.5. lower i dary A dditional tiner p &
mwwwummnmgh«mnﬁw son snd semp Mochawical andior chemicel degradation is shserved,
1) Not tested

This inforwession i provided for nference purpiaes only and is wot inkended @3 8 werranty o pwaraniee. GSE oIrencs B0 MNHIY I\ COMBETION Wik Jh e O S8 pormdson.
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- o ’ Resthmcet: ‘ ' ‘ Resistence ot
Wadion Concentration € 2] WMedow Comcrwetrution 0C &0 ¢
L ) {143 “F} L {140 °R}
Hydroboomic acid 100% 1 VS Pmmmmmﬂ: 20% s 3
Hydrochloric aid 10% 5 5 Potassinm persulfze sat. sol. ] S
Hydrochloric acid 5% s 5. Potassium sulfate sab sol. s b
H; ic acid 0% ] s Potassium sulfine sol. s s
Hydrofftoric acid 4% 8 s Propioic acid 50% 5 s
Hydrofluoric ackd 0% S L Pmpmcacd 100% S L
Hydrogen N 100%:- ] 5 Pyndine 100% N L
e T
Hydrozen solfide, gascous 100% S s Smdm’ <) st sal. . $ 5
L . i
L acid sat. sol. s s
Lacic acid 100% 5 s . Salicylic acd
1.ead acctme sat sol. 5 - :s‘sﬁviv:cmﬁe ’:ﬁ 3 5
M Silver tiltrate” sat sal ‘5. s
Magresiom carbonate: sat. sol. S s - Sodium beazose sat sol. s s
Magnesium chiovide fat. sol. s s Sodium bicabonue sat, sol. s . s
Magresiom hydroxide sat. sol. s s - Sodieun biphosphate sa. sol. s s
Magnesium nitrate sat, sol s 5 Sodinm bisulfite sol. S . 8
Malric acid - s sol, S s * Sodisgy bromide st sol. S 8
Mercurie sitrate T&.)% ss § . Sodirn chinride mﬁ § s
Methanol . 100% s - s Sodiem forricyanide sat. sof. - 8- $
Metdhylene chlogide 100% t e Sodiam férocyanide . sat, sol. 3 s
S ' w Sodiam hydroxide satsol s’ s
Nickel chloride- st sol s - s . Sodsum bypochlorite 13% active chlodine § 8
> . Sodiwm nirate sat. gol. $ s
Nickel nitrate . s sol. 5 $ Sodine mistie sa sol 5 5
Nickel sultate sa.sol. s, s . Sodium orthophosphate . 30l, s s
Nicotinic acid br-te A Py Sodiem sulfme pavgpecy s 5
: - | Sodius slfide . o). 8 $
Nittie acid 0% s [LN Slfur dioride, dry 105% b s
Nitric acid % v -y . Sulfer woxide 100% U U
Nitric aeid 0% - u v " Sulforic acid 10% s 5
o - Sulfiric acid - SO% ] S
Oiis and Grease — LR L Salforic acid 98% s u
Oledc acid -100% s L. Sclfric acid - fuiming u u
Onthophaspheric acid S0 s s Salfarciie acid 0% 5 S
Orthophosghoric: acid 5% S L - cp _
Oxalic acid saL_sol $ 5 Tanisic acid’ sal s 5
Oxygen A% 3 L Tarbaric acid sob s s
P o " ‘Thioayl chioride 100% L U
gcnohm(k«w) k s 3 ‘{l—'ulwi :3:0! I§ E
—_— - LT e -
Phenol ichiond Y 3 5 o
Phosphoras. - ; ‘ : “Urea’ ol $ $
Photographic developer st Conc. s s el %] 5 _
Picsicacid . - . sat_sol. s — Usine 5 s
Polassiam bicarbonasc sl 561 s s W
Potassium biselfide 5 s K — 8 s
Potassinm bromate sat. sol. ‘S .8  vinegar o 3 3
Potassimn bromide satisol 5. s Wines and liquors — s s
Potassism chioride sat sol, s s - Xylemes 1o0% L u
Potassiom chromae saz.sol: s s Y .
Poeassiom cymnide sol. - : S S Yeast ‘ sol. H s
Potassinm dichromae sat: 361 s 5 z . g
e S L SR SR mm 3 8
Fotssium fluocide - | sm.sol - 5. s Zinc (If) chioride sa0_sol, s 3
Poosiom bypocone ok s T Fine e s s s
Potsssiam acthophosphate sak. sol. 3 S cHfic inmersion icating Mmmnmmm
Potassium perchiorae sa. 30l s 8 Muiﬂmmmuwm

wmuhdesmmumwn&wm-.&m mm m‘wwdmmmn

ss&m.mu.
mm
1983 Gondle Rood
munm

2004352008, 281443056
t_a:.mmm :
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POLYETHYLENE

TECHNICAL SERVICE
MEMORANDUM
TSiN-243
September, 1984
Engineering Properties
of Marlex Resins
INTRODUCTION
itis semetimes necessary 1o have information about properties of our Marex resing. in this Memorandum,
high density polyathylene {(HDPE) that does not normally we will briefly discuss many of these test precedures
appear on the Wpiral résin data sheet. This Technical and provide avaiiable information concerning particudar
Service Mernorandumn supplies data on many of the resin properties as well as comparing Marlex HOPE to
infrequently published physical, chemical and electrical other resin types.
CONTENTS
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Deformation of Plastics Under Load (ASTM D&21)

Method A: Rigid Plastics - A Mz in (12.7 mmj cubical specimen is maintained under a constant compressive

force of 500 pounds (227 kg) between the parallel plates of a device manufactured by the Luster Jordan Cornpany.
The whole assembly is enciosed in a constant temperature oven at 122°F (50°C), The change in thickness is
ulbserved over a period of 24 hours and reportad as foliows:

ORIGINAL DEFCRMED TIME
POLYETHYLENE HEIGHT, HEIGHT, DEFORMATION.  ELAPSED, PRESSURE,  TEMPERATURE
MATERIAL injfcmy infcm) PERCENT HOURS: psi (MPa) °F (°C)
High Density 0.506'(1.27} 0.465 {1.18) 8.1 22 2000 (13.8} 122 [56)
Low Density 0:508 (1.0 0425 (1.08) 18:5 24 2000 {13:8} 122 (50

Method B: Non-RIgid Piastics ~ Method B is essentally the same as Method A except that {1) the test specimen i5
in the shape of a cyiinder 1.129 in {28.7 mmy in dismeter and 0.250 in (6.4 mm) thick having the two fiat surfaces
paraiiel: (2) the pressure is 100 psi (0.69 MPa): and (3) the test pericd is 3 hours, The results of testing by Method B
are s follows:

CRIGINAL DEFORMED THAE
POLYETHYLENE HEIGHT, HEIGHT, DEFORMATION, ELAPSED, PRESSURE, TEMPERATURE,
MATERIAL in form) in form) PERCENT HCURS psi (MPa) F(°C)
Hign Density 0,483 {1.23  0.483 (1.23) o 3 100 (0.65) 122 (50)
Low Density 0.498 {1.26) 0.486 (1.23) 5 3 100 {0.59) 122 50)

Irradiation — Effects on Properties of HDPE of Gamma and Bela lrradiation

Data indicate that polymer crosskinking ccours with betz or gemma iradiation accompanied by an increase in
density. tensile strength and hardness and by a decrease in sciubility. Irradiation of Merlex high density polyethylens
alss NCreases resistance (o envirgnmental syess cracking.

TEMPERATURE, BETA IRRADIATION DOSAGE {(MEGARADS)
TYPICAL PROPERTIES {0 0 5 10 1% 50
Tensile Strength,
psi iMPa) 82 (28} A0 {28.3} 4217 (29.7) 4293 (30) 4400 130.3) 4560 {31.4)
' 200 {93) 1303/888 1567108 18400113 M20(7.7) 1477 {10.8)
270 {132) - 180 (1.2} 212(1.48) 4553131  745({5.13
Elongation, % 82 (28 20 18 22 20 20
280 (93 167 375 520 505 133
270 (132} - 510 445 385 110
Hardness, Shore D 84 67 &7 &8 70
Density, g/om? 0.98 0.08 fager nes 0.96
Sohibllity, Tetraln,
2667F (130°C) Soluble Insohible insokibie insohbie Insoluble
Color White White vory ivory Tan
TEMPERATURE, GAMMA IRRADIATION DOSAGE (MEGARADS)
TYPICAL PROPERTIES F (C) 0 1 10 10C
Tensile Strengh,
psi iMPa) 82 [25) 5840 M40.2)° 1C07 (31.7) 7120 {48.7} 8380 (57.6}
Elongation, % 82 28 13 15 15 1
Hardriess, Shore D 54 &8 ¢ 70
Densiy, giont 0.952 0.055 0.955 £.967
Sclubiiy, Tevaln
266°F {130°C} Soluble insoluble Irsolsble nsoiutte

“Meass £ Dy Gfferert Dbowores.
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Marlexs

T
TABLEG

Effect of Gamma and Belta Jrradiation
of Marlex HDPE on Environmental
Stress Cracking in IGEPAL CO-630 at

122°F (50°C)

TYPE GOF {RRADIATION Fso VALUES. b

DOSAGE, RADS GAMNMA RITA
None e 20
1 x 108 20 -
3x10° 24 -
6x 10° 110 40
1% 197 7 350
3x 17 350 350
1 %158 1 -

Y
Heat Deflection Termperature

(ASTM D648)

This test is primarily interided to determine the
termperature at which an arhitrary deformation orcurs
when specimens are subjected to & specific fiber
stress. Itis used to indicate the behavior of plastic
material at alevated temperatures in applications which
are similzr 1o the test procedira. Although this tast is
designed for more rigid materials such as polystyrere,
unplasticized viny! polymers and nyion, 1L is especially
wseful i comparing Marlex HOPE with other
polyethylenes.

Injection molded bars 5 in. (127 mmjlong, 0.5 in.

{12.7 mm) wide and 0.25 in. (6.4 mumy) thick are
supportad along the 0.25 in, edge between two points
4 in. 100 mmyj apert. Weight is applied at the center of
the span to impose a fiber stress of 68 psi (0.46 MPa).
The bars are immersed in sicone cit and the bath
temperature increased at a rawe of 3.6°F (2°C) per
srinte. The bath temperature @t the instant the
specirmen deflects {bends) 0.0104n. ([0.254 mmj s the
heat deflection temperatire. In a more stringent test

which was originally designed for thermosetting resins,
a heavier weight is used (e impase a 284 psi (1.8 MFa)
fiber stress. Therefere, tare should be eken to
designate the load invalved when interpreting heat
deflection data. Figure 6 comipares the heat deflection
temperature of a typical Mariex high density polyethylene
with [ow density polyethylene at various loadings.

FIGURE &
Effect of Loading on
Heat Deflection Temperature

HEAT DEFLECTION "TEMPERATURE, *F ('C/

1 1 0 120 10 200 240 280
@28 (255 Q83 (LI 538 (185 (18%

QUTER FISER STRESS, psi (AP

O
Melt Density

The density of moiten Marlex HDPE differs fromits
density in the sclid form, Uniike the sciid density,
which covers 2 broad range depending upon resin
morphciogy. the density.of 2l Marlex HOPEs in the
meited state is about the same al a given temperaiure
and pressure. The melt density may be useful in the
design ul extuders and other molding squipment.

S0 O
FIGURE 7

Melt Density vs. Temperature at
Indicated Pressures for Marlex HDPE

DENBITY, glom?

1227} =) 2]

1525 (180) (182} 204
TEMPERATURE, *F /oy



